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of the many uses to which the 
CAROMETER can be adapted. 


A NEW PORTABLE, BATTERY-OPERATED, PEAK- 
READING ACCELEROMETER .. . By Victoreen 





7 MONITORING BLASTING OPERATIONS 


This instrument has been designed to be used 
obtaining quantitative data on blasting operations. 
Intended for field use, the instrument is housed in 
a splash-proot, rugged, laminated, fiber-glass case, 
and uses standard batteries. In a9” by 4° by 4” case, 
the instrument weighs only 4! > pounds. 


2 MEASURING BUILDING VIBRATIONS 


The Carometer is well adapted for measurement of 
the maximum acceleration due to the vibration of 
buildings, machinery, bridges, ships, aircraft and 
road deterioration. It incorporates an electrometer 
circuit which retains the maximum signal devel- 
oped by an acceleration measuring transducer. 


3 MEASURING PEAK VOLTAGES 


By the use of other transducers, the Carometer may 

be adapted for measuring peak transients of light, 

sound, line voltage, velocity, etc. The instrument 
is essentially a peak-reading voltmeter 
which retains the meter reading until 
reset to zero. 














Economically priced — 


write for detailed dato sheets. 
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THE COVER shows the Co’ medical ther- 
apy unit being built by General Electric ° Vol. 9, No. 3 
Co. for use at the M. D. Anderson Hos- 
pital, Houston, Texas. The unit, which 
will receive preliminary testing at Oak 
Ridge Institute of Nuclear Studies, will 
use a 1,000-curie source, to be made up 
of four 1 -in® cobalt wafers now being ir- 
radiated in Canada's Chalk River reactor 
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 NUCLEONICS 


Breeder Reactor 

(s this is being written, the first reactor in the world designed to produce 
more fissionable material than it consumes may be going into operation. This 

AEC’s $3,300,000 experimental breeder reactor (EBR) just completed at 
the Reactor Testing Station in Idaho. 

The success of this reactor will depend substantially upon how efficiently 
‘it can put to use the excess neutrons (those not necessary to maintain the 
hain reaction) which are produced in fission. Other important factors are 
the rate at which fuel can be burned, the length of time fuel elements will 
stand up, and the total amount of fuel and fertile material tied up in the reactor 
ind in various stages of processing 

If breeding works, its future will be determined in part by economic con- 
siderations. Since the primary purpose of a breeder is to increase our supply 

fissionable material, its cost may have to be compared with the cost of 
developing low-grade uranium deposits. However, although EBR is using 
iranium-238 as the fertile material (that which can be transformed into a 
fissionable substance), if thorium-232 can be used instead, scarcity of ura- 
nium will not be a problem since thorium is in much greater supply. 

This first of the new generation of reactors planned since the end of the war 
has the makings of an important milestone. We have our fingers crossed in 
hopes that it lives up to its name and “ breeds.” 


Progress in Waste Disposal 

\s more reactors are built, problems of disposal of liquid radioactive wastes 
increase. Where wastes must be stored, many expensive, shielded, leak-proof 
tanks are necessary. After several vears of this, costs mount and space 
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begins to run out. So, for the past several years, AEC has conducted a 
research program to develop methods for concentrating these wastes. 

Brookhaven National Laboratory recently reported the development of a 
waste evaporation process which would cost $0.05 per gallon. This compares 
very favorably with a cost of $0.27 per gallon for above-ground tank storage 
and $1.05 per gallon for below-ground tank storage. 

Last year, AEC predicted that the installation of the Brookhaven waste 
concentration plant would extend the storage capacity of the waste field by 
1 to 6 years, or about double its normal useful life as a wholly liquid waste 
facility. 

Different from most other industries, the atomic energy industry has shown 
considerable foresight in anticipating its waste problems. This waste concen- 
tration development is further evidence of this. What with extensive efforts 
now being carried out to recover unused uranium from reactor wastes and to 
find applications for the fission products, we may yet reach the point where 
we have no unused wastes. 


The Times We Live In 
The Tenth Semiannual Report of the AEC shows the signs of our times in 
two Ways: 
1. The report does not cover any part of the atomic energy program in detail. 
This appears to be the result of the pressure of other higher priority tasks 
and the lack of subject matter easily describable in the open literature. 
Each of AEC’s four preceding semiannual reports was devoted for the 


most part to a detailed description of one phase of the program. Such things 
(Continued on page 90) 


Random Notes 


with the income tax collector, an- oping this section into one of the most 


ries come around every year. practical in the magazine. 
month, we enter our fifth year of We established it a little more than a 
iblication year ago because of a dual need: (1) 
We are satisfied with the progress we for a medium of quick publication and 
have been making. And we think our (2) for a forum for brief technique notes. 
eaders are. Evidence of acceptance has The litle ‘“‘Cross Sections” was selected 
come tn the form of an increasing number because of its Webster definition rather 
f unsolicited manuscripts and in a_ than its nuclear origin. We wanted a 
yradual increase in circulation. name which would cover the broad scope 
Rather than take this occasion to look at envisaged. 
past, we're going to look into the The department this month provides an 
future of one segment of the job we're excellent illustration of the various ways 
doing—the ‘‘Cross Sections” (C. S.) in which material is gathered. 


De pl. (p YH) We have hopes of devel- (Continued on page 90 
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——SELF-CONTAINE 


| 


——MICROPHONI 


—HIGH-VOLTAGE- 
——BATTERIE 


TPPIVITITTET 


| 


SPECIFICATIONS 
Range: 0-10,000 d/m/150 cm? 
Energy Range: Calibrated for oper- 

ation over the energy range of 
alpha radiation from 4 to 5 mev. 
Detector: Air proportional counting 
chamber, integral with case. 
Accuracy: 10% of indicated 
reading 
Sensitive Counting Area: 6cm x 20cm 
Alpha window: Less than 2. mg/cm? 
(non permeable to moisture) 
Geometry: 15% minimum (detectable 
counts) 
Ambient Temperature: 0 to + 40°C 
Humidity: 0-95% relative humidity 
(chamber sealed against moisture) 


Portable Alpha Survey Meter— Model #4SNI0A2 


Fpl for anyone handling radium 
or other alpha emitting material. 
Thoroughly reliable even in high humid- 
ity. A multiple wire counter, this compact, 
portable unit was originally developed 
from work done with AEC and the U. S. 
Navy (AEC Catalog No. STC-2C; Navy 
Type AN/PDR10A). For informative bul- 
letin, write: General Electric Company, 
Section 661, Electronics Park, Syracuse, N.Y. 














G-E PRECISION UNITS 


Binary Scaler—Type 4SNIA3. 
Provides a scale of 2 in self- 
contained plug-in unit. 


Radiation Monitor 4SNIIA2. Seif- 
charging. Measures milliroent- 
gens of gamma radiation. 
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Photographic X- and Gamma-Ray Dosimetry” 


A four-film dosimeter having an accuracy of + 20°: in the 
ranges 1 to 10,000 r and 115 kev to 10 Mev is described. 


It is not necessary to know the radiation quality. 


Methods 


for choosing emulsions and absorbers are discussed in full 


By MARGARETE EHRLICH and STEPHEN H. FITCH? 


Radiation Physics Laboratory, National Bureau of Standards 
Washington, D. C. 


PHOTOGRAPHIC EMULSIONS lend them- 
selves well to absolute dosage determin- 
ranges of radiation 


itions over large 


flux. This is because their response 
to X- and gamma radiation js independ- 
ent of radiation flux for intensity ratios 
10,000 (7, 2). 


monitoring by 


of at least | 
Radiation 


photographic emulsions is inexpensive, 


means of 
and sensitive. Its main draw- 
time-con- 
the 


of emulsion sensitivity on 


ire the necessity for 


emulsion processing and 
le pe nae nee 
the energy of the exposing radiation. 
Since there are indications that, in the 
near future, it will be possible to over- 
come the drawback of elaborate process- 
ing, it seems certain that photographic 
dosimetry will remain a valuable aid in 
industrial safety and casualty monitor- 
ing as well as in civilian defense meas- 
res. The effort of the 


energy photographic 


decreasing 
at pe ndence ol 
_ therefore. of considerable 


dosimeters 1s 


importance 


, ¢ 
perimen il 


discusses the general ex- 


paper 


and theoretical considera- 


tions involved in the design of a photo- 


gl iphic-film dosimeter whose response 


n performed under Contract 
50-6 between the Signal Corps and the 
Laboratory of the National Bureau 
Washington, D. C 
(pDRESS Naval 
ratory, San Francisco 
in Francisco, California 
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Worr 


Radiological 
Naval Ship 


Is independent of the secondary elec- 
trons that arise in adjacent structures 
and whose energy dependence is reduced 
materially by metallic absorbers which 
tend to counteract the high sensitivity of 
film emulsions for low-energy radiation. 

These considerations are then applied 
to the design of a dosimeter with a use- 
10,000 r. This 
a dosage interpretation 
+20% for X- 
and gamma-ray energies from 115 kev 
about 10 Mev, 
further knowledge of radiation quality. 


ful exposure range of 1 
range allows 
within accuracy limits of 
up to without any 
While this paper deals primarily with 
X- and gamma-ray dosimetry by means 
of photographic emulsions, an effort is 
made to show in detail how one studies 
energy dependence of X- and gamma- 
ray dosimeters in general, and how one 
may compensate for this dependence 


Reduction of Energy Dependence 
The response of all presently avail- 
able photographic emulsions varies with 
energy in the general proximity of the 
absorption edges of silver and bromine 
and shows peaks in these regions. 
This the 


graphic emulsions for X- and gamma- 


complicates use of photo- 


ray dosimetry over wide quantum- 


energy ranges (3, 4 Thus, whenever 
the radiation incident on a film dosim- 
eter has components in the quantum- 


energy range of these absorption edges, 


5 








J £90 XO 


Exciting Potential (ky) 


FIG. 1. Reduction of X-ray dosage by 
means of metallic absorbers 


impossible to interpret film densi- 


ties in terms of radiation dosage as 


measured in roentgens, unless the radia- 
tion spectrum is known. Various at- 
tempts have been made to by-pass this 
difficulty 


which would be useful for dosage deter- 


and to design film meters 


minations of radiation of unknown 
quality 

Tochilin et al. (5), Baker and Silver- 
man (6), and other authors have sug- 
gested film badges in which different 
metallic absorbers are used side by side 
The 
interpreted 


in contact with the film packet. 
filmm-density readings are 
with the aid of tables relating the ratios 
of densities under the different absorb- 
ers to the dosage in roentgens received 
by the film. 


bersome and inaccurate, especially be- 


This method seems cum- 


cause of the difficulty in avoiding 
scattering effects resulting from absorb- 
ing materials close to the film packet. 

, and Deal 


z attempted to compensate 


earlier, Pardue et al. (7 
and Day (8 
for the film response peak by introduc- 
ing a thin layer of cadmium over the 
Pardue 
workers experimentally determined the 
thickness of the cadmium shield for the 
particular films 
Deal and Day used the same thickness 


film surface. and his co- 


under consideration. 


of cadmium in making their calibration 
of the Dupont 552 
pou ket 


6 


experimental film 


The work carried out at the National 
Bureau of Standards was based on the 
same assumption as was Pardue’s and 
Deal's, namely, that it was possible to 
make the film response independent of 
radiation quality by means of metallic 
absorbers covering the entire emulsion 
The effect of different metal- 
calculated 


surlace, 


lic absorbers was and the 
required thicknesses were determined 


The 


were checked experimentally. 


by a graphical method. results 

Since the photographic effect is deter- 
mined to a considerable extent by the 
absorption of X-rays in silver bromide, 
a photographic-sensitivity-vs-energy 
curve should resemble, in its trend, an 
absorption curve in this material. 

\ typical 
curve is shown in Fig. 1. 


photographic 
The ordinate 


response 


represents the ratio of the dosage in 
roentgens needed to produce a given 
photographie density in the million- 
volt range, where the film response is 
energy independent, to the dosage 
needed to produce the same density at 


This 
ratio is called the photographic response 


a specified low exciting potential. 
coefficient. On the same graph are 
plotted the ratios of the X-ray dosage 
in the absence of an absorber, Dy, to 
the corresponding dosage behind the 
different 
the exciting potential and for different 


absorber, D,, for values of 
absorbers. 

If the curve of D, 
combination of 


D, for any ab- 
sorber, or absorbers, 


matches the photographie response 
curve, the reduction in dosage brought 
about by these absorbers when placed 
in front of a photographic film will just 
compensate for the increase in the re- 
sponse coefficient of the film emulsion. 
The net photographic response is then 
expected to be energy independent. 

It will be shown in the next section 
how the approximate values of the 
ratios Dywo/ Dy 


out extensive 


can be determined with- 
The 


then 


experimentation. 
results obtained in this way are 
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inherent 
tube filtration 
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Added 
filtration 


Dosimeter 





FIG, 2. 


ipplied to the selection of an absorber 
of the desired characteristics. 
Modification of X-ray spectra. The 
technique for the evaluation of different 
filter combinations is based on the cal- 
culations leading to the dosage ratios, 
Dyo/D 
The 


for heterochromatic 


calculations were carried out 


X-radiation from 
X-ray 


This type of source was actually used 


constant-potential machine. 
in the dosimeter calibration for lack of 
monochromatic sources in the particu- 
The width of the 
bands was made as narrow as 


lar energy regions. 
energy 
conditions permitted. 
The detailed spectrum of the X-radia- 
X-ray-tube 
It is, how- 
ever, possible to gain valuable informa- 


tion emerging from an 


target is generally unknown. 


tion regarding the spectral modification 
and dosage reduction caused by absorp- 
tion under the assumption of a simple, 
idealized spectral distribution. 

theoretical 
the spectral energy be- 
tween FE and E + dE emitted per elec- 


tron impact is given by 


According to Kramers’ 


formula wv), 


C(E — Cy) dE 

a straight line with 
—C in an intensity- 

This idealization is not 
unrealistic, as shown by good agreement 
with the empirical formula developed 
by Kulenkampff (10). 

Figure 2 is a schematic representation 
of the path of the X-radiation from its 
origin in the target, through the differ- 
ent filter materials, to its absorption in 
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which represents 
the constant slope 


vs-energy plot. 





Path followed by the X-radiation 


a dosimeter. One should actually in- 
troduce in this diagram another block, 
representing the filtration by the air 
intervening between the tube and the 
dosimeter. However, the filtration by 
air is negligible in the present example. 

If J)(E)dE is the spectral intensity 
distribution in the photon-energy inter- 
val dE, as represented by Kramers’ 
formula, and if /,(£)dF is the intensity 
distribution in the same interval after 
tube 


its attenuation by the inherent 


filtration, then 


IL(E\dE = 1,(E)e*\))1dkE 

where yp, (/£) is the linear absorption 
coefficient; x, is the thickness, in cen- 
timeters, of the equivalent X-ray-tube 
filter, as given by the manufacturer. 
The quantity /,(£)dE represents the 
spectral intensity distribution in the 
interval dE after passage of the X-ray 
beam through the added filtration of 
thickness 22 
coefficient po(F). 


linear absorption 


Thus 


and 


IAE)dE = 1,(Eje~*:22:dkE 


If an X-ray beam, characterized by 
the spectrum /.(£), falls on a free-air 
ionization chamber, each portion, dE, 
of the 
dosage, D, as measured in roentgens, an 
amount 6D proportional to the fraction 
of the beam intensity within 6# that is 
absorbed by the air of the ionization 
chamber. Below the pair-production 
threshold, this fraction is given by the 
intensity, 7:(E)6E, multiplied by the 
corresponding air absorption coefficient, 
[y(F) us(E)lair. Thus the 


spectrum contributes to the 


fraction 


7 











y 


FIG. 3. Changes of X-ray spectrum by 
filtration 


6D « (w(E) — p.(E) nie I2(E)bE 


represents the fraction of the primary 
beam intensitv removed from the beam 
by Compton electrons. * 

Thus, the total dosage is expressed in 
the form 


E 
D [ 1,(E)(p(k Ms (EF) |sirdE 
JO 


Figure 3 shows the progressive spec- 
tral changes computed in this manner 
foran X-ray beam generated at a 200-kv 
exciting potential passing through an 
filtration 
aluminum 


inherent equivalent to 3 


mm of and through an 
initial beam filter of 1.96 mm of lead. 
For the computations, C was set equal 
to 1,000 units of the ratio of spectral 
intensity to photon energy. The spec- 
tral intensity distributions J 9(F), /,(-), 
and J.(E 


trary units, while the 
differential dosage contribution dD/dE 


are plotted in the same arbi- 
curve for the 
a thousand times larger. 


is on a seale 


The inherent filtration is seen to cut off 


*In the definition of the roentgen, the con- 
tribution of scattered photons to absorption is 
neglected 


The lead filtra- 


tion suppresses the lower energies more 


the softest radiation 
strongly than the higher ones, except in 
the portion of the spectrum immediately 
below the A-absorption The 
AD/dE roughly the 
LAE w(E Ms (E) lair 
is fairly constant in the energy range in 
IAE different 


zero. T dosage, D, 


edge 
curve parallels 
curve because 
which is appreciably 
The total 
is represented by the 


the dD/dE 


planimetrically. 


from 
area under 


curve; it was evaluated 

Any additional absorber between the 
lead filter and the 
reduces the dosage, and 
X-ray 


reduce the spectral components of the 


dosimeter further 
hardens the 
beam as well. Therefore, to 
radiation to which the film emulsions 
are selectively responsive, metallic ab- 
used in immediate contact 
\ tenta- 


was developed for the 


sorbers are 
with the measuring device. 
tive method 
evaluation of their effective absorption 
by means of a correction, u.;(£), to the 
wie). 
The contribution to the total absorp- 


linear absorption coefficient, 


tion coefficient made by the degraded 
Compton photons scattered in the for- 
ward direction is represented by Mey E). 
These photons, to a large extent, are 
not absorbed in the filters and, as a 
first approximation, u.,(F) is subtracted 
from the total absorption coefficient. 


The total dosage is then given by 


Eo 
D [ I,(E)|p(k us(E)]eir > 
Jo 


, [uk BE sbs7abs 


Calculations were made for various 
thicknesses of lead and tin. 
data of the differential dosages, dD/dkF, 
plotted in 


Sample 


computed for 250 kev are 


Figs. 4 and 5. The curve representing 


the differential dosages measured with- 


+ At energies below 50 kev, the absorption 
coefficient, [wiE ps ( E) lair mses sharply 
rhis causes a marked mse of the dD/dE curve 
below 50 kev for X-ray spectra with strong com 
ponents in this energy range. and thus « 
listortion of the total dosage measurements 
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~) 


e 


FIG. 4. Modification of the 250-kev ra- 
diation spectrum by lead absorbers 


out any additional absorber is included 
on both graphs for reference. 

Similar calculations were carried out 
on both lead and tin for 100-, 150-, and 
200-kv potentials. A 
parison between the tin and lead curves 
that the A edge 
for lead the absorption by tin exceeds 


exciting com- 


shows clearly below 
the absorption by lead, while above the 
K edge lead is the more effective of the 
two, 

Planimetry of the areas under each 
curve yields the total dosages measured 
behind the absorbers. The 
OW ff 


culated from the total dosages. 


dosage- 
cal- 
They 


plotted against absorber thickness 


reduction ratios, were 
— 
in Fig. 6. 

To determine which absorbers would 
best remove the energy dependence of 
a photographic emulsion, the particular 
thickness of each absorber is determined 
such that the dosage-reduction ratio, 
Dost 


cient of the emulsion. 


is equal to the response coeffi- 
This could be 
matching the photographic- 


done by 


response curve and the reduction-ratio 
Instead 


curves as indicated in Fig. 1. 
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| 
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FIG. 5. Modification of the 250-kev ra- 
diation spectrum by tin absorbers 


of matching the curves visually, the re- 
quired absorber thicknesses were taken 
directly the 
ratio-vs-thickness plot of Fig. 6. 


from dosage-reduction- 


Design of the Dosimeter 

In the following, the ideas developed 
in the previous section will be applied 
to the design of a film dosimeter cover- 
ing the exposure range from 1 to 10,000 

The same pattern may be 
for work 
graphic emulsion. 

Selection of emulsions. Sixteen dif- 
ferent film were calibrated 
over their entire useful exposure range 
with X-radiation 1.4-Mvy exciting 
potential having a half-value layer of 
10.4 mm of tin and an effective energy 
approximately 600 kev. In this 
region, the response of the 
photographic emulsions is essentially 
independent of the quantum energy of 
The X-ray in- 

with a Vic- 
with walls of 
electronic equilibrium thickness. The 
exposed films were developed in East- 


9 


roentgens. 


followed with any photo- 


emulsions 


of 


ot 


energy 


the incident radiation. 


tensities were measured 


toreen roentgen meter 











TABLE 1 
Photographic Response Coefficients of the Four Selected Emulsions 


Half-value 
Erciting potential layer 


kv) (mm Sn 


500-1,400 j 11 
250 3.64 
200 2.19 
150 Ol 
100 334 
50 OS 


D épont O10 


Eastman 
Eastman 
posit 
Dupont 606 302 


s pectroscopu 
} po 


double coat 








50 


z 
Oo 
°o 
z 
=) 
é 
~~ 
°o 
Cc 
2) 
= 
Vv 
> 
Do 
rT) 


40 


30 


Dosage - 


20 


a iO 
150 kv 


D> 02505 075 10 125 15 17% 




















% 6 





Thickness (mm) 


FIG. 6. Determination of absorber thickness required for reduction of energy depend- 
ence of emulsions 


man X-ray developer for five minutes 
at 20 6.1" C. 

Figure 7 shows the calibration results 
graphically. The indicated accuracies 
were obtained by calculating the per- 
centage of the total exposure in roent- 
gens corresponding to either a density 
variation of 5%, as limited by darkroom 


10 


procedures, or 0.02 density 
the 


units, as 
the densi- 
This 


variation was accepted as the inherent 


limited by accuracy of 


tometer, whichever was larger. 
inaccuracy of the calibration procedure. 

The film 
548-0, film 
covers the dosage range 500 


September, 1951 - NUCLEONICS 


Kastman spectroscopic 


double-coat, is the only 


which 








0% 


Ansco Films 


~ 6% 
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6% 


222 290 9" speed X-Ray 


6% 7% 





2% 


Superoy “A” x Roy 


212 374 600 





3$2 


>> 
220 


FIG. 7. Calibration of 
16 emulsions with X- 
rays generated at 
1.4-Mvy exciting poten- 
tial. Numbers below 
the lines are the photo- 
graphic densities at the 
particular exposures; 
numbers above. the 
lines are the per cent 


6% 
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™ 
68 


7% 
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7% 
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We 212 300 
7% 
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Dupont Films 


- 
o*_20% Dupont $02 


4% 





accuracies of the emul- at 
sions at the particular 
exposures 


o4¢ 


1% 1% 2% 


s% (5% 29% 
272 389 467 





5s 8% 


$% 27% 
0 300 400450 





$% 7% 20% 20% 
8 7S 240 306 





Eastman Films 


5% 


ndustria x Roy Type « 





64 254 36 


~ 5% § 
9350501 


uble 





1,000 r with adequate accuracy. Three 
the range 30-500 r: 
Ansco Reprolith Orthochromatic, Du- 


emulsions cover 
pont Safety Positive, and Dupont 605. 

The 
experiments had shown that it fogs in 
Wratten safe light 6B which is safe 
for use with the other films. The Du- 
605 film For the 
coverage of the range 1-50 r, Dupont 


\nsco film was excluded because 


the 


pont was selected. 
510 was chosen, even though it overlaps 
the Dupont 605 film. 
useful check the 
of these two films. Also 
is a performance check, Eastman 5302 


slightly with 


This provides a on 


periormance 


Positive film was added to the selection. 
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90 


Exposure roentgens) 


The four selected films, in standard 


dental packets, constitute the essential 


part of the film dosimeter. 

Selection of absorbers. Table 1 
shows the photographic response coeffi- 
the calibration 


cients calculated from 


data as rs/r;, where r; is the dosage to 
which an emulsion is exposed at a speci- 
fied low voltage, and r. is the dosage 
yielding the same density in the million- 
volt region as r; produces at the low 
voltage. The densities corresponding 
to both dosages are in the linear range 
of the characteristic curves, except in 
the of the 548-0 film, 
where the dosages are in the low-density 


11 


case Eastman 











TABLE 2 
Theoretically Determined Absorber Thicknesses 


dD ipont 910 


Lead Tin Lead 


5 0 O84 OF 125 


le 


0 093 0.1 
0.049 O 


2 
5 
2 0.046 0 210 


) 
, 
, 


0.046 O 2845 
0 044 0 


0.069 O 332 
0 O71 0 350 


266 


thicknesses (cm 


Eastman cine Eastman spectroscopic 


sil , 


tive 5302 548-0 (double cou 


Tin 


Lead Tin 


>) 146 0 105 0 144 
0 169 0 054 0.245 
0 O75 0. 392 


0 O71 0.350 


QQ. 282 


0. 100 





TABLE 3 
Inaccuracies in Dosage Interpretation 


35- to 600-kev Range 
Per cent inace 


Eastman 
D d East 14a) 
(double 


coat 


pont man 


SO) 
115 
150 
200 
B50 


Hoo 


pendence 





in Which this film is actually used 
lead and tin ab- 
sorbers suitable for removing the energy 


ring 
The thicknesses of 


de pendence of the four selected emul- 


sions are found by matching the re- 
sponse cot ficients of Table 1 and the 

ratios of Fig. 6 
the The re- 


quired absorber thicknesses vary con- 


dosage-reduction 
Table 2 shows results 
siderably with exciting potential 

It was then attempted to find a filter 
for each of the emulsions which would 
fit all 
better 


four potentials For 


the 


exciting 
visualization, pertinent re- 
duction-ratio curves are plotted along 


with the film-response curves in Fig. 8 


12 


The figures show that while the course 
of the lead-reduction curves parallels 
the response curves In the range from 
200- to 250-kv exciting potential, the 
le id 


voltages. On 


reduction is insufficient at lower 


the other hand, a tin 
absorber alone is seen to be satisfactory 
only for the Eastman Positive film 5302. 
the tin 
absorber, which looks satisfactory above 
200 kv, is too thick 


potentials. 


For the three other emulsions, 


at lower exciting 
It was therefore expected 
that for these three films a combination 
of tin and lead would be more suitable. 

The effect of 


calculated 


combinations 
the 
performance expected of the best com- 
These 
combinations seem to suppress the re- 
100 ky 
but seem satisfactory otherwise. 


Various 


was Figure 9 shows 


bination for each film type. 


sponse at more than is desired, 
How- 
ever, since all four emulsions were to be 
further 
An ab- 
1.07 mm of tin 
and 0.3 mm of lead was finally selected, 

Description and test of dosimeter. 
Figure 10 illustrates the assembly of 
the film The selected ab- 
sorbers are shaped over a Bakelite film 


combined in one dosimeter, a 
compromise had to be made. 


sorber combination of 


dosimeter 
container. The tin is in contact with 
both the Bakelite and the lead covering 
the tin so that lead fluorescent radiation 
A lead 


strip, approximately 0.78 mm thick, is 
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is stopped in the tin absorber. 
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Dupont 552 


Response 
Coefficient 


Sn 








049mm Pb*---3 
. —E © 
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Response* 





100 


Exciting Potential 


FIG. 8. 


then wrapped around the periphery of 
the films from 
at the same 
time cover the badge seam. 

Table 


tion 


the badge to protect 


tangential radiation and 
3 shows the results of a ecalibra- 
X-radiation 


whose effective energies were between 


of this badge with 
35 and 600 kev, as shown by absorption 
curves \s was expected, the response 
of all the films is suppressed too much 
115 kev, while the 


response of Eastman 5302 is excessively 


it voltages below 


suppressed throughout the entire inter- 
val. The other three films, however, 
a dosage interpretation accurate 
within over the energy range 
115-600 kev. The fact that the East- 
man 5302 film indicates a dosage about 
too low, between 150 and 200 kev, 
while the 605 film, 
covers the same dosage interval, indi- 


allow 


o 4 


9 
~ 


25° 
Dupont which 
cates the dosage within 7°%, makes it 
possible to draw conclusions regarding 
the radiation components in this spec- 
tral range 

The Bakelite container was chosen for 
its mechanical ruggedness and heat- 
resistive properties as well as to produce 
electronic equilibrium. The container 
walls were made 8.25 mm thick, which 
is just sufficient to stop external second- 
ary electrons produced by X-rays from 
a 10-Mev betatron; electrons originat- 
ing within the container itself reach the 
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Matching of dosage reductions and response coefficients 


FIG. 9. Performance expected of the 

best absorber combination for four emul- 

sions. ga The points are the dosage reduc- 
tions 


FIG. 10. Dosimeter parts. Left: back 

view of Bakelite mold. Middle: half of 

film container, coated with lead and tin, 

showing indentation for film packet. 

Right: Finished badge before lead strip 
is put over seams 


film emulsion. Any additional ab- 
sorber thickness will, therefore, only at- 
tenuate the primary beam, but will not 
increase the number of secondary elec- 
In this 


of 


13 


trons reaching the film surface. 


way, the point-to-point variation 














4 


2 


FIG. 11. Modification of 250-kev radia~ 
tion spectrum by filters 


the total energy absorbed in the layer 
is made to parallel roughly the absorp- 
tion of X- and gamma rays. One usu- 
lly refers to this situation as electronic 
The 


sions exposed under conditions of elec- 


equilibrium. response of emul- 
tronic equilibrium is independent of elec- 


trons seattered from nearby structures. 


Calibration 
The photographic 
calibrated with the X-radiation from a 
10-Mey and from a 1.4-My 
constant-potential X-ray The 
dosimeter was also checked at six points 


dosimeter Wiis 


betatron 


unit. 


of lower radiation energies (see Table 3 
The 
Victoreen 


calibration was made against a 


roentgen meter with equi- 
librium wall thickness, which in turn 
was calibrated against a standard free- 


Bakelite 


equilibrium material around the photo- 


air chamber. Since was the 
graphic emulsions, Lucite, whose effec- 
tive atomic number is close to that of 
Bakelite, as equilibrium 
material around the Victoreen thimble. 


In the energy range from 30 to 200 


was chosen 


kev, where the film sensitivity varies by 
with the 
spectrum of the exposing radiation, it 


as much as a factor of ten 


14 


is necessary to select the beam spectrum 
irefully and to specify it adequately. 
The absorber combinations and ab- 
thicknesses to obtain the 
specified radiation spectra from a con- 
X-ray 


determined theoretically by considera- 


sorber used 


stant-potential machine were 
tions based again on the modification 


of a triangular X-ray spectrum by 
absorbers 

While it is true that added filtration 
in the X-ray makes the X-ray 


spectrum more nearly monochromatic, 


beam 


it also reduces the dosage in the required 
The 


dosage rate means increased exposure 


energy range. reduction of the 


time for the calibration. A compromise 
is therefore required. In the present 
work, a dosage of 0.025 r/min/ma at 
one meter from the target is considered 
acceptable. 

The method of selecting filter com- 
binations for the various exciting poten- 
tials is best illustrated by an example 
Figure 11 gives the differential dosages, 
dD/dE, at 250-kv 
behind a 2-mm lead filter; its modifica- 


exciting potential 


tion when 1 mm of tin is added to the 
lead; and, finally, the differential dos- 
ages behind a filter consisting of 2.67 
mm of lead and | mm tin. The spec- 
behind the lead _ filter 
clearly that the effect of lead filtration 


trum shows 
is negligible below the absorption edge 
\ sufficiently thick tin filter 
added to reduce the portion of 
spectrum lead 
edge, and in this way to narrow the 


must be 
the 
below the absorption 
transmitted spectral band. 

An experimental test of this lead-tin 
filter that the 
half-value layer of the radiation which 


combination revealed 
it passes is 3.3 mm of tin and the beam 
0.049 r 
meter, about twice the desired intensity 


intensity 1s minsma at one 

Figure 12 shows the half-value layers 
calculated for a number of points of an 
experimental tin-absorption curve plot- 
ted against tin thickness at 250-kv ex- 


citing potential. The half-value layer 
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lly selected filter (point A 

irve) is seen to he in a region 
vhere | value layer still varies ap- 
th filter thickness. This is 
in expression of the fact that the radia- 


the filter is still 


pre ibliv w 


on passing through 
ly heterochromatic 

iddition of another half-value 
lead to the original filter com- 
adequate 


The new 


produces a more 


point B in Fig. 12). 


radiation intensity of 


r passes a 
0.025 r/min/ma at one meter, which is 
desired output. Similar reasoning 
choice of filters for all other 
libration potentials. 
the theoretical 
the 


the case of the 


13 shows 

listributions passed by 

filters. In 

from the 100-kv exciting po- 
the lead filter used cuts out all 

X-rays above 87 kev. 

fy the beam quality in each 


ist, i 


“spread” is defined as 
i Ey5,2 E151) Eexe/Ep 


re Ex, is the exciting potential, FE, 

s the energy of the intensity peak, and 
} E 
t half of the peak intensity. 
Table 


selected 


is the energy band width 


t lists the characteristies of the 
their 
W, and the experi- 


filtrations. It shows 


theoreti spread, 
nentally 


inten- 
passes through them. The 
half-value 
ivers and the effective potentials of the 


resulting X-ray 
1] 


determined radiation 


sity which 
experimentally determined 
beams, as well as their 
theoretical intensity peaks, are included 
lor comparison, 

acceptable, 


If lower intensities are 


the spreads may be decreased by adding 


filter material. In the case of 


combination filters, only the thickness 


more 


of the high atomic number element has 
to be increased. 

The 
for five 
X-ray de 


i) 0.1 > 


exposed films were developed 


minutes in fresh Eastman 


veloper at a temperature of 


and fixed, washed, and 
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Q mon tir 


FIG. 12. Half-value layers of X-rays as 
a function of filtration for a 250-kv excit- 
ing potential 





FIG. 13. Theoretical spectral distribu- 

tions of the calibrating radiations. To 

read ordinates of dashed curve, multiply 
scale by 2 


A set 


was developed 


dried under standard conditions. 
of control 
along with each batch of calibration 


exposures 
films. The photographic transmission 
densities were then read on a photo- 
electric densitometer with a range up to 
transmission densities 6 on the Hurter 
and Driffield scale. The high density 
range extends the useful exposure range 
of each film emulsion. 

The results of the calibration of the 
dosimeter described here are shown in 
The data are presented 


15 


Figs. 14 and 15. 




















FIG. 14. Calibration of the film badge in the range 1-1,000 roentgens 





TABLE 4 
Characteristics of the Selected Filtrations 


Erciting Half-value Intensity peak, Effective potential, 
potential Sp ead ayer theoretical experimental 


(ki kev) (mm tin (ker (ker 


im Sn 


69 mm Pb 


+4 mm Sn 


53 mm Pb 


$/ mim Sn 
Pb 


125 mm Pb 





in the torm oft plots ol photographic dosage interpretation to be expected in 
density vs exposure in roentgens for an the range from an effective energy of 
effective radiation energy of 600 key 115 kev to the effective energy of a 
ind for the radiation from a 10-Mey 10-Mev betatron. Some data for even 
betatron.* Five low-energy points are lower energies are shown as well. The 
included in the graph for comparison, accuracy is +12 in the dosage range 
Fable 5 shows the accuracies in the from | to 50 r and from 1,000 to 10,000 

r, While in the range from 50 to 1,000 r 

r — ~ ~ Boge - — eto mag sofas on it is about +20% No further knowl- 
ss felt that the reading of a Victoreen thimble edge of radiation quality is necessary 


1 low atomic number equi aver 


ste for the present purpose , to stay within these limits. 
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FIG. 15. Calibration of the film badge in the range 1,000-10,000 roentgens 





TABLE 5 
Inaccuracies in Dosage Interpretation 
115-kev to 10-Mev Range 


Per cent inaccuracy * 


Effective energies Effective energy Betatron 

Film type 115-350 kev 600 kev 10 Mev Over-all 
+6 0 +14 24 
-19 : 0 +23 42 
47 0 +36 83 


Eastman 548-0 
double coat 20 : 0 : 20 


Dupont 510 
Dupont 605 
Eastman 5302 


* Due to energy dependence 
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R-f ion source in place on 
Cockroft-Walton 


lon source is in center 


accelerator 
across 
from blower pointed at it is 
r-f oscillator. Above oscil- 
lator is its power supply, and 
then, clockwise, are the 5-kv 
probe supply, gas line and 
pressure gage, and 
rectifier stack of magnet-coil 


selenium 


power supply 


Design and Operation of 


By C. D. MOAK, H. REESE, Jr., and W. M. GOOD 


Physics Division, Oak Ridge 
Oak Ridge, 


UNTIL RECENTLY, nearly all ion sources 


used with high-voltage accelerators 


have But 


in the past few years much interest has 


been of the filament type. 


been shown in the electrodeless dis- 


charge ion source, This interest results 
from the fact that the radio-freque ney 
ion source compares favorably with 
other types in power consumption and 
compactness and excells in meeting 
other requirements, 

(Another reason for interest in r-f ion 
accelerator 


sources is the change in 


design in recent years. For example, 
long source life has become increasingly 
important on Van de Graaff generators 
tanks, 


much as a day is required to perform 


enclosed in pressure since as 
even minor adjustments inside. 
A number of r-f ion sources have been 


described in various journals (7-4). A 


18 


National Laboratory 


T ¢ TLMNECRSEE 


summary of the results obtained has 
Ward (4). 
this 


adaptation of the design of Thoneman 


been given by The source 


to be deseribed in article is an 


(3), with certain modifications which 


simplify construction and assure uni- 


formity of results. 

Two separate problems arise in the 
design of an r-f ion source: production 
of an intense atomic hydrogen dis- 
proton 
and their 


before the 


charge, and extraction of large 
These 


will 


currents. problems 


solution be considered 
construction and operation of the source 


is discussed, 


The Hydrogen Discharge 
The experiments of Wood (6) many 
years ago proved that if a hydrogen dis- 
charge is set up in a vessel consisting of 
a very long tube of clean Pyrex glass 
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For use with an accelerator, an ion source should exhibit: 
1. Stability and long life. 
2. Large beam current. 
3. Low gas consumption. 
4. A high proton percentage. 
5. Simplicity of construction. 
6. Low power consumption. 
7. Compactness. 
The source described here delivers 1.25 ma of positive ions, 
over 90% of which are protons, and has a usable life of 
more than 500 hours. 








a Radio-Frequency lon Source for Particle Accelerators 


with the 
section of the 
from the 


exhibits an 


high-voltage electrodes at 


ends, then the center 


tube metal 
pure 


The Balmer spec- 


most removed 


electrodes almost 
Balmer spectrum, 
trum denotes the existence of atomic 
hydrogen, and if ions could be extracted 
from such a discharge without recom- 
bining the atomic hydrogen to molecu- 
lar hydrogen, the resulting ion beam 
should have a very high percentage of 
Wood found that the ends of 


the discharge tube near the metal elec- 


protons 


trodes exhibited the molecular spectrum 
of hvdrogen, indicating that metals are 
very good catalysts for recombination. 

Experiments 


were conducted by 


Thomson (7) on discharge vessels con- 
taining no metals, the discharge being 
supported by an induction coil wound 


on the Pyrex vessel. In these experi- 
ments the most intense part of the dis- 
charge was found to exhibit an almost 
pure Balmer spectrum, once again il- 
lustrating that Pyrex is a very poor 
catalyst for recombination. 

\t the pressures commonly used (50 u 


or le Ss 


the mean free path of the ions 
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is much greater than the vessel dimen- 
that 
effects are 


sions so volume recombination 


negligible 
recombination 


compared to 
effects. 
Thomson’s experiments, measurements 


surface Since 
of surface recombination coefficients for 
various materials have been performed 
which that 
poorest known catalyst for hydrogen 
example, Smith 
(8) measured the recombination coeffi- 
cient for various materials and obtained 
the following values: Pyrex, 2 K 107°; 
quartz, 7 X 10~*; Al,Os, 0.33; and Pt, 
1.0. 
metals which have been studied have 
been found to be near unity. 


show Pyrex glass is the 


recombination. For 


Recombination coefficients for all 


The natural conclusion is that a dis- 
charge supported by externally applied 
r-f excitation, in a vessel containing as 
little metal area as possible and consist- 
ing of carefully cleaned Pyrex, should 
produce ions with a very high percent- 
age of protons. 

Radio frequencies ranging from 20 to 
450 megacycles/sec have been used to 
excite atomic hydrogen discharges. At 
the higher frequencies a magnetic field 


19 














L 








FIG. 1. 
num base. 


will reduce the r-f power requirements 
by restricting the electron paths, thus 
the ionization probability 
This 


in r-l powel minimizes dielectric heating 


increasing 
per electron released. reduction 
problems, although the power saving is 
usually lost to the magnet coil 

In general, lower frequencies require 
the use of a larger discharge vessel, as 
shown by the experiments of Gill and 
Von Engel (9). The 
Neuert (10) 
discharges will 


experiments of 
that 


have an r-! 


Koch and indicate 
these 
impedance which is capacitive, resistive, 
or inductive depending on magnetic 
field, frequeney, and vessel dimensions, 
so that some experimentation with oscil- 
lator loading is required. Because of 
the impedance matching problems en- 
self-excited 

With 20- 


matching 


countered, the use of a 


oscillator seems desirable. 


megacvele excitation, good 


can be obtaimed by 


20 


mounting the dis- 


Cross section of ion source and completed assembly of glass vessel and alumi- 
Details of extraction geometry are shown in enlarged view 


charge vessel inside the oscillator tank 
coil. At 
found that capacitive coupling of the 


100 megacveles/see we have 
oscillator tank coil to two external elec- 


trodes on the discharge vessel is 


preferable, 


Extraction 


Ward (5) has pointed out that probe 
extraction seems to give greater gas 
economy without introducing any ap- 
preciable energy spread to the ion beam 
\ verv good solution of the extraction 
problem was developed by Thoneman. 

Proper construction of the extraction 
system, the most critical part of the ion 
make the 
tween a 30 wa beam and 1,200 wa beam. 
The 


small tungsten anode hidden from the 


source, may difference be- 


extraction system consists of a 


discharge by a short capillary, and a 
cathode consisting of a cylindrical alu- 
minum tip protruding into the vessel at 
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the other end of the discharge. A 
small canal in the aluminum tip carries 
the ions into the accelerator tube. 

The essential feature of the cathode 
design is the use of an insulating sleeve 
mounted over the canal tip to serve the 
dual purpose of hiding the metallic 
cathode and of 
functioning as a virtual anode when the 
With 
proper shaping of the canal tip and the 
careful 
orientation of the two parts, a lens is 


from the discharge 


extraction voltage is applied. 


insulating sleeve, and with 
formed over the canal which focuses a 
large number of ions with paths straight 
enough to miss the walls of the canal. 
The function of the insulating sleeve is 
as follows: 

As the extraction voltage is increased, 
a cathode dark space develops between 
the canal tip and the luminous body of 
the discharge. Finally, a roughly 
spherical plasma boundary is formed 
over the mouth of the insulating sleeve. 
This boundary can be considered to be 
the proton-emitting surface. As the 
ions are accelerated toward the cathode, 
they first fall through a roughly spheri- 
eal field and are directed toward the 
axis, but the equipotentials gradually 
flatten upon approaching the canal-tip 
and thus the trajectories are straight- 
ened upon entering the canal. 

These effects are 
visually. 


easily observed 
As the extraction voltage is 
increased a circle of fluorescence appears 
Fur- 
ther increase of voltage causes this circle 


on the flat face of the canal-tip. 


to shrink until it finally disappears into 
the canal; at this voltage the output 
current is @ maximum, 

In our experiments on these sources 
we have found that reducing the inside 
diameter of the sleeve in Thoneman’s 
design from 14 to 346 in. improves the 
focusing considerably; however, use of 
this smaller diameter increases the elec- 
tric field-strengths in the Pyrex sleeve 
and it is destroved by a spark. Since 
Pyrex is a much poorer insulator than 
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fused silica, especially when warm, we 
decided to modify Thoneman’s original 
design to the extent of using a silica 
sleeve, covered as much as possible with 
Pyrex. The 
fabrication to much 
simpler. The sleeve is a short length of 
fused silica tubing, carefully ground flat 
on the end and lightly fire-polished to 
cover traces of grinding compound. 


modification also makes 


close tolerances 


The use of a magnetic field has been 
found to have the additional advantage 
of increasing the output current by 
limiting space-charge-spreading in the 
canal. The aluminum tip at the top 
of the canal must be flat and perpen- 
dicular to the Twenty-degree 
bevels have been tried (both inward and 
outward) with a loss in output of ap- 
proximately 80%. 
spherical tip reduces the output from 
1,200 va to approximately 30 ya. 


axis. 


The use of a 


A cross section of the ion source now 
in use on the Cockroft-Walton accelera- 
tor at Oak Ridge National Laboratory, 
and an enlarged view of the extraction 
geometry finally adopted for this source 
are shown in Fig. 1 with a picture of the 
The 


hydrogen is fed in through the base of 


Pyrex vessel and aluminum base. 


the source to avoid high-voltage isola- 
A copper feed line is 
connected between the 


tion problems. 
source and a 
hydrogen tank containing a palladium 
leak. It is very important that the 
feed system be completely free of leaks 
and contaminating vapors since the 
quality of the discharge is very sensitive 
to extraneous gases, 

Secondary electrons from the canal 
tip tend to be focused at the top of the 
vessel by the magnetic field. The steel 
disk defocuses these electrons and per- 
mits them to be caught by the Pvrex 
shield without damage. 


Construction 


The fused-silica sleeve must fit snugly 
into the outer Pyrex sheath to prevent 


the 
21 


sparking from the discharge to 














aluminum base, but a few thousandths 
of an inch clearance must be left for 
thermal expansion. The inside diam- 
eter of the silica sleeve should be 0.003 
in. greater than the outside diameter of 
the aluminum canal tip to allow for 
and still maintain 

The height of the 


fused silica sleeve above the canal tip is 


thermal expansion 


accurate alignment, 


not quite as critical but should be held 
to +1¢4in. Small changes of not more 
than l¢4 in. in the diameter of the canal 
tip seem allowable when fitting the 
silica sleeve to the tip. 

The 


st parately 


Pyrex base of the vessel is a 
molded The  tech- 
nique for making this part was devel- 


part, 


oped by C, Asmanes of the glass shop 
at the K-25 plant in Oak Ridge. His 
procedure is as follows: 

\ stainless-steel mold, cut to the 
shape of the bottom of the vessel and 
roughly resembling the aluminum base, 
with a tip diameter equal to the outside 
diameter of the silica tubing, is mounted 
in the rotating right-hand spindle of a 
In the left-hand spindle 
is mounted a length of Pyrex tubing 


glass-lathe. 


inside diameter, 35 mm) with a con- 
nection through the spindle to a com- 
pressed-air valve. The tubing is sealed 
off on the end, flattened, and the glass 
worked to thickness. With 


proper preheating of the glass and the 


uniform 


mold, the mold is advanced rapidly into 
the end of the tubing. Compressed air 
is used to lay the glass down on the 
mold, 

Upon cooling, the mold shrinks free 
The molded 


base is then sawed off at the length re- 


and can be withdrawn. 


quired to give the right Pyrex inner 
The 


lightly fire-polished to cover any traces 


sleeve length. Pyrex sleeve is 
of grinding compound, 

The upper assembly is made of a sec- 
tion of Pyrex with an inside diameter of 
25 mm, flared at the bottom and welded 
to the molded base. These Pyrex ves- 


sels will soon be available from Radia- 
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tion Counter Laboratories, Inc., Chi- 
cago 8, Illinois. 
After fabrication, the 


carefully cleaned before 


vessel must be 
being attached 
to the base. It is very important that 
great care be used in treating the inside 

An example will 
this 
sources prepared with no special treat- 
give 
ratios of 2-3. If the glass is 


surfaces of the vessel. 


serve to illustrate point. lon 


ment of the glass walls usually 
H,*/H,* 
first treated 
followed by rinsing with distilled water, 
H,*+/H,* 


Treating the glass with a dilute solution 


with boiling nitrie acid, 


ratios of 7-8 are observed. 
of HF (not enough for severe etching) 
followed by distilled-water rinsing gives 
H,*/H,* 


The vessel may 


ratios of 12-15. 

be fastened to the 
aluminum base with either Vinyl-Seal 
or black wax. 
help to grind the bottom of the Pyrex 


In some cases it may 
vessel lightly to make good contact with 
the aluminum base. The base may be 
modified below the canal to suit the lens 
requirements of the accelerator. 
Circuits for the oscillator and power 
Fig. 2. The 
to the discharge 
watts at 100 


given in 
delivered 


supply are 
r-f power 
is approximately 60 
megacycles. 

The external r-f electrodes are VG-IA 
ionization-gage plate-clips 
to the oscillator tank coil by copper- 
The _ best 
loading is obtained with the 
clipped to the tank-coil approximately 


connected 
braid clip-leads. oscillator 
leads 


23 of the distance from the center-tap 
to the plates. 


Operation and Performance 
When one of these sources is started 
for the first time, the extraction voltage 
should be left off while the discharge 
changes from white to red as extraneous 
gases are pumped out of the source. 


The hydrogen pressure should be ad- 
Cleanup 


justed to approximately 15 uw. 
should take than 15 
After cleanup the magnetic field pro- 
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less minutes, 














* 





FIG. 2. Oscillator and probe power 
supply. Circuit of power supply for oscil- 
lator is not shown 





duces a pronounced reddening and an 


increase in the intensity of the dis- 


harge. Aluminum has been used as a 
athode to minimize the effects of sput- 
tering. After several hundred hours of 
operation the walls of the vessel will be 
discolored by sputtered aluminum from 
the tip. This metal may be removed 
with HI 

The characteristics of this ion source 
inder typical operating conditions with 
hydrogen, and when set at maximum 


current, are as follows: 





otal output current 1.25 ma 
H, 1.15 ma 
H 0.08 ma 
H 0.02 ma 
Potal 


sumption 


power con- 

500 watts 

6 cm'/hr (atmos- 
pheric pressure) 


Gas consumption 





This source has also been used with 
He, A and Xe, giving total output cur- 
rents of 0.50, 0.10, and 0.02 ma respec- 
tively. In each case the ions were al- 
most all singly charged. 

We have investigated the dependence 


of output current on canal diameter and 


find that the current varies as the square 
of the canal diameter. If a reduction 


in beam current can be tolerated, con- 
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siderable improvement in gas economy 
For example, a 
source having a 0.040-in. diameter canal 


may be achieved. 
has been found to give a total current 
of 0.47 ma with a gas consumption of 
only 2 em?*/hr. 
Conclusion 

The development of high-current ion 
sources has put a greater emphasis on 
the design of the accelerator tube and 
its focusing elements. To avoid serious 
loading difficulties on accelerator elec- 
trodes, a smaller percentage of the beam 
can be allowed to escape the focusing 
When 


spreading occurs, some attention must 


system. serious space-charge- 


be given to the over-all magnification of 
the lens system used. It is advisable 
to keep the control elements of the lens 
svstem well hidden from the direct 
beam and from counter-flowing elec- 
trons in the accelerator tube to avoid 
overloading the lens power-supplies. 
In the 0.3-Mev Cockroft-Walton accel- 
erator at Oak Ridge National Labora- 
tory, the beam is brought to a focus 
after mass analysis at a distance of 2 
meters from the base of the accelerator 
with a spot diameter of 3 mm. 

The r-f ion source described has been 
used interchangeably with protons, 
He** and He** during the past eight 
months; it has been found to be quite 
stable, requiring no attention for periods 
as long as 30 hours. 
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Photographic Fundamentals of Autoradiography 


In choosing a suitable photographic medium, the sensitivity 
and resolution attainable must be considered along with the 
type and energy of radiation to be recorded. New emul- 
sions and*specialized photographic material are resulting 
in a variety of new, promising autoradiographic techniques 


By R. H. HERZ 


Kodak Ltd.. W ealdstone, England 


Research Laboratory 


RECENT PROGRESS in photographic diagram above. Although the three 


emulsions for recording particle tracks 
has laid the 


techniques in autoradiography 


foundation for new 
These 
techniques make it possible to obtain 
high resolution records of the distribu- 
tion of radioactive tracer materials in 
microscopic specimens 

Many different 
applied to record the distribution of 


methods are now 


radioactive material, particularly in 
regard to microscopic specimens. One 
of the guiding factors influencing the 
autoradiographic technique is the choice 
of a suitable photographic material, and 
it is the chief purpose of this review to 
familiarize the reader with the charac- 
teristics of various photographie emul- 
sions for various uses. 

In its present stage, the various tech- 
niques used in autoradiography may 


be divided as shown in the family -tree 
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methods indicated frequently overlap in 
practice, it may be said that (a) is the 
oldest and best established method, (b) 
s now in the focal point of interest, and 
(c) is still in its infancy. 

The tracers used in autoradiography 
are usually artificial radioisotopes emit- 
ting electrons, positrons, or alpha par- 
ticles, and, in many cases, gamma rays. 
The majority of Isotopes useful as bio- 
logical tracers are beta-ray emitters. 

The three techniques will be dealt 
with in the order given above. 


Autoradiography of Macrosections 
Autoradiography of macrosections 
(1-8) entails recording the distribution 
of radioactive materials in gross sections 
such as those of plants, minerals, skins 
or sheets of wood. 


of fishes, Enlarge- 


ments of a few diameters may be re- 


September, 1951 - NUCLEONICS 














TABLE 1 
Initial Activity and Number of Electrons Per Square Centimeter 
Required to Obtain a Density of 0.6 Within Exposure of 15 Days 
(Eastman No-screen Film) 


Varimum ene rgy of 
beta particle 
(Mev) 


0.154 
0.26 
0.6 
1.71 


. 


Activity 
(yc /em?) Electrons ‘em? 
0.38 x 107 
4.6 x 10 2.0 xX 10’ 
9 8 x 10 2.65 x 107 
2.1 X 1078 7.2 X10’ 


3.6 X 10 








quired, but nevertheless the purpose is 
to record gross or macrosections of a 
specimen, 

The techniques involved are usually 
straightforward and do not require 
such familiarity with the characteristic 
properties of photographic emulsions 
as is necessary when dealing with micro- 


The 
used is X-ray film of high or medium 


sections, photographic material 


sensitivity. The choice depends on the 
X-ray films of 
medium sensitivity, which are useful, 


resolution required, 
for example, in industrial radiography, 
ire finer grained than the high-speed 
X-ray films. 

“The basis of the technique is the 
placing of a specimen (such as a plant 
leaf containing a‘ radioactive material) 
in contact with the suitable photo- 
After exposure and 
processing, the photographic layer re- 


graphic material. 


veals the location of the radioactive ma- 
terial within the specimen. The image 
obtained is called an autoradiograph. 
The main technical problem in macro- 
iutoradiography is that of achieving 
ntimate contact between specimen and 
film. Although sufficient contact may 
be achieved in many cases by pressure 
printing 
successful device is 
Vac- 
used in 


such as ordinary 
the 


probably a vacuum cassette (9). 


cassettes, 
irames, most 


ium rubber cassettes are 


photomechanical processes and also in 
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industrial radiography. Forsmall spec- 
imens, they may be made from a bicycle 
or car tire. 

Photographic response due to pres- 
sure and chemical effects may easily be 
produced from wet leaves or plants, and 
an autoradiograph may be simulated. 
Hence, the taking of a control photo- 
graph, which is explained later, is an 
Thin layers of gela- 
tin or celluloid may be interposed be- 


absolute necessity. 


tween specimen and film to avoid arti- 
facts, but the interlayer will also impair 
the resolution obtainable. 

In most cases, optical densities* are 
required. The sensitivity to 
electrons is obtained with double-coated 
X-ray films of the fast type. For slow 
electrons, only one coated side of such 
A comparison is given in 
1 of the relative activities and 


highest 


films is used. 
Table 
number of electrons required to obtain 
a given density for various electron 
emitters. 

These data of the activities in micro- 
curies have been taken from Mac- 
Donald et al. (5) and the number of 
electrons (n,) required per cm? have 
been computed from these figures by 
the author, using the relationship: 

(uc)o 3.7 * 104 (1 — e*) 
ae eS cae 


Ne 
A 


* The optical density is defined as D = log 
Io/Ii, where Jo is the incident and J; the trans- 
mitted light intensity. 














= WMWrocuries, A decay 


,and ¢t 


where Lt 


constant (sec exposure time 
Se 

It is seen from this table that, with 
ow electrons, such as those from C', 
is compared with those from P*?, only 
ibout '@9 the number of incident 
trons is required to obtain equal 
Results very similar to those 
Mac Donald were 


and I > 


density. 
re ported by obtained 
by the author using P* 
\-ray films. 

The extremely high sensitivity of the 
photographic method in detecting mi- 
nute quantities ol radioactive material 
in be 
1d & 10 
ruired to 
an optical density of D 0.5 


seen from the fact that only 


gm of P*? per mm? are re- 


obtain, within one day’s 


xposure 
} i 


Autoradiography of Microsections 


When dealing with the autoradiog- 


raph \ ot microsections for recording 


optical or low-grain density or particle 


cks, a certain familiarity with the 


and the characteristics of 


re sponse 
pe eal photographie emulsions to elec- 


trons and also to other charged parti les 


snecessary 
Photographic response to charged 
particles (0-17). Nuclear track emul- 


ons have been chosen for autoradio- 


ur iphic work of microsections because 


they combine a fine grain with high 


FIG. 1. Rate of energy loss (in kev) per 
micron as function of energy (in Mev) for 
electrons, mesons, protons, and alpha par- 
ticles. Above the energy marked by X, 
all single charged particles are recorded 
as straight-line minimum ionization tracks 
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intrinsic sensitivity and close packing 


This 


particularly suitable for high resolution 


ol grains feature makes them 
work in connection with charged par- 
ticles. The close packing requires high 
concentration of silver halide in gelatin. 
The grain size of the emulsion is of the 
order of 0.2-0.5 microns, depending on 
the sensitivity of the grains. 

Whether the 
radiograph is to Inspect a 
a particle track, 


or an optical density, the response of 


final aim of the auto- 
low-grain- 
density distribution, 
the nuclear track emulsion will be based 
on the following considerations 

The photographic layer consists of a 
large number of tiny crvstals of silver 
The 
number of grains per cm? of emulsion is 


of the order of 10°-10"* depending on 


bromide embedded in gelatin. 


grain size and thickness of coating. If 
a charged particle, such as an electron 
or alpha particle, travels through a 
nuck “ar track emulsion, it loses energy 
as a result of interactions of various 
types with atoms lying near its line of 
motion. One of these interactions is 
the collision with the orbital electrons 
of the atoms through which it passes. 
The sc electrons may be ejected from 
the atoms (ionization) or the atoms may 
be left in excited states. 

Thus a silver bromide grain may be 
rendered developable because of the 
the 
through it of a fast charged particle. 
Hence the path of 


in the emulsion might be recognized as 


ionization produced by passage 


a charged particle 


a track made up by a row of developed 


silver bromide grains when viewed 


under the microscope. 
The rate of energy loss per unit length 








| 
= 
FIG. 2. 
electron produced by a 1.3-Mev Van de 
Graaff generator (Kodak NT4 emulsion) 
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Track (~300 uw length) of an 








of path, dE /dX, which is proportional 
to the number of ions produced per unit 
path (also called specific ton- 
varies directly with the square 
harge of the incident particle, 
inversely as the speed of the incident 
particle, and directly with the number 
of electrons per cm‘ of the stopping 
material 
\ formula which permits the compu- 
tation of the rate of energy loss of elec- 
trons per unit length of path as a func- 
tion of energy has been derived by 


Bethe. 
ized for heavy stopping material (silver 


This formula has been general- 


and bromine of the emulsion) and 
adapted flor composite stopping mate- 
rial. The computation has been carried 
out for electrons and other charged 
particles, such as mesons, protons and 
alpha particles and is shown in Fig. 1 
for the composition of Kodak Nuclear 
Track emulsions. 

In Fig. 1, the relationship is shown 
between the rate of energy loss in kev 
per micron of emulsion and the energy 

f the 


million 


incident particles in terms of 
volts (Mev). The 


energy dissipation per grain required 


electron 


y a charged particle to render the 


grain developable is a measure of its 
As seen in Fig. 1, 
a charged particle loses mory energy 


intrinsic sensitivity. 


per unit length of path, the smaller its 


kinetic energy; hence silver bromide 
grains will, in general, be more sensitive 
to slow than to fast electrons. 

The curves in Fig. | lead through a 
(for electrons at an 


broad minimum 


energy of about 1 Mev). In this region 
the particle is said to possess minimum 
ionizing power. If an emulsion is 
capable of recording recognizable tracks 
of electrons at minimum ionizing power, 


the emulsion is then said to be sensitive 


FIG. 3. Track of a particle possessing 


minimum ionizing power 
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FIG. 4. Alpha-particle tracks 


at minimum ionizing power and hence 
to charged particles of any energy. 
The grain density, i.e., the number of 
developed grains per unit length along 
a track, depends on the rate of energy 
loss of the particle during its passage 
through the emulsion. As seen from 
the photomicrograph of an electron 
track in 
creases towards the end of the trajec- 


Fig. 2, the grain density in- 


tory when the particle slows down. 
Because of its small mass, an electron 
at low speed suffers many collisions and 
is, therefore, scattered in the emulsion. 
The higher the speed of the particle, the 
less it will be scattered. This is seen 
in Fig. 3 in a photomicrograph of the 
initial part of a track of an electron at 
minimum ionizing power. 

Apart 
particles appear to be 


from electrons, only alpha 
of interest at 
present in autoradiography. As seen 
in Fig. 1 from an extrapolation of the 
alpha curve towards lower energies, the 
specific ionization (number of ions per 
unit length) of an alpha particle having 
the same energy as an electron of, say, 
100 kv is several thousand times that 
of the electron because of the double 
charge of the alpha particle and because 
of the low speed associated with its 
relatively great This explains 
the high grain density of an alpha par- 


mass. 


ticle track, as seen in Fig. 4. 

Since the actual ranges of electrons 
and particles in photographic 
emulsions are of interest to the worker 
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alpha 








FIG. 5. Relationship between range and 
energy in kev for electrons and in Mev 
for alpha particles 


1utoradiography, the relationship 


between range and energy for nuclear 
track 


he perime ntal evidence for the accuracy 


emulsions is shown in Fig. 5 
of the computation has been shown for 
electrons up to 250 kv (16-1; 

Nuclear track emulsions of different 

nsitivities are now available from 
kastman Kodak Co. (U.S. A.), Ilford, 
Ltd. (England), and Kodak Ltd. (Eng- 
land It is 


the if 


convenient to indicate 


relative sensitivities in terms of 
the energy of charged particles capable 
ol producing recognizable tracks. Of 
emulsions for 


the various types of 


nuclear research, there are three chief 


sensitivity which are. of 


ranges ol 


nterest in autoradiography : 


a) low sensitivity (capable of 
recording alpha-particle tracks) 
medium sensitivity (capable 
of recording tracks of alpha parti- 
cles and slow electrons up to 

100 kv) 


(capable aol 


energies of SO 
high sensitivity 
ree ording tracks of fast electrons 


at minimum ionizing power) 


Only type (b) is of widespread use in 


autoradiography at present, since emul- 


sions sensitive at minimum ionizing 


power suffer from the disadvantage 


that they rapidly accumulate tracks 


from cosmic rays and the radioactivity 
The problem 


in the surrounding air 


of sensitivity in autoradiography will 


he discussed in more detail later 
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Response to photons (/5-/9). The 
track plates to 


gamma ravs is based on the absorption 


response ol nuclear 
ot photons and the simultaneous release 
o! photo- and recoil electrons within the 
sensitive laver. Many of the artificial 


radioactive isotopes used for tracer 
experiments emit gamma rays of high 


Mev. As 


the absorption of this radiation in the 


energy, Say, between 0.5-2 


photographic layer is low compared 
with that of electrons, the response of 
the emulsion to gamma ravs is rela- 


tively weak. For the same number of 
electrons and photons (of the energy 
mentioned above) incident on a nuclear 
track emulsion, the ratio of the number 
of grains rendered developable will be 
of the order of 100:1 respectively 

The emission of electrons by radio- 
isotopes is often accompanied by the 
emission of gamma rays. Thus, from 
the preceding discussion, it can be con- 
cluded that the effect of the gamma rays 
will generally be negligible compared 
with that of the electrons. 

With decreasing quantum energy of 
photons, the absorption coefficient for 
silver bromide increases and the elec- 
trons released by these photons are more 
likely to compete with the direct action 
of electrons impinging on the plate. 
If high sensitivity to gamma rays is 
required, emulsions other than nuclear 
track plates may be used. X-ray emul- 
sions have the highest speed to gamma 
their relatively 


thick 


coatings, thev cannot be recommended 


ravs, but because of 


large grain size and double 


for autoradiographs of microsections. 


Nevertheless they are useful in the 


recording of macrostructures, as shown 


The gamma-ray sensitivity of 
X-ray 


about a 


before. 
double-coated emulsions Is On 


the average hundred times 
greater than that of the thinly coated 
nuclear track emulsions, if referred to 
the same optical density. 

The relative spectral sensitivity of 


X-rav films is shown in Fig. 6. The 
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graph illustrates the relative speed of 
X-ray X-ray 


wavelength. This relation only holds 


films as a function of 
for monochromatic or strongly filtered 
radiation. If the speed for any one 
wavelength is known, the corresponding 
other 
read off the 
Since the spec tral sensitivity to X-rays 


multiplying factors for wave- 


lengths can be curve. 
varies from one type of X-ray emulsion 
to the other, the curve can present only 
“a rough guide to the reader. 

Techniques. In connection with the 
techniques used in autoradiography of 
problems as_ the 


microsections, such 


material, manipulation, photographic 


artifacts, controls, resolution, speed, 
exposure time, and quantitative evalua- 
tion must be considered. They are 
discussed below. 

Material and manipulation (/, 20-38). 
In the original method of autoradiog- 
raphy used by Lacassagne and Lattes 
1925), 


in contact with the photographic plate 


a specimen was simply placed 
or film. The contact was ensured by 
In the 
period, when artificial radioactive iso- 


means of pressure, postwar 
topes became available and new poten- 
tialities in the detection of tracers by 
means of autoradiography appeared to 
first 
given to an improvement in resolution. 

In 1946, Belanger and Leblond (21) 
described a method of improved pho- 
They detached 
photographic plates, 
melted the emulsion, and painted a 


be probable, consideration was 


tographic resolution. 


emulsions from 


thin layer of it on the microsection. 
The combined system of emulsion plus 
section was left in a light-tight container 
for drying and exposure. The whole 
system was placed in the processing 
solutions and the specimen remained in 
permanent contact with the emulsion 
for microscopic inspection. 

1947 floated the section on- 
After 


exposure, the paraffin wax of the section 


Evans in 


t© the photographie plate (23). 
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FIG. 6. Relative spectral sensitivity of 
X-ray emulsions 


was dissolved so that the processing 
solutions could penetrate through the 
specimen, which was also kept in per- 
manent contact with the emulsion. 

The superposition of specimen and 
photographic emulsion is of great sig- 
nificance as it assists the location of the 
autoradiographic image with regard to 
the spatial distribution of the radio- 
active material within the specimen. 
Probably the most convenient method 
suggested so far involves the use of 
various types of stripping film or strip- 
ping plate as described by Pele (28), by 
MacDonald, Cobb, and Solomon (4), 
and by Boyd and Williams (37). 

One basic idea is that an emulsion 
layer ‘s fastened to a very thin support 
which is in turn mounted on a tempo- 
rary support. Both the emulsion and 
its thin support can be stripped from 
the temporary support and transferred 
to the specimen. The thin support is 
needed for protection of the emulsion 


layer which is only 5 uw thick and there- 


fore easily damaged and virtually im- 
possible to handle. 

In the Eastman Kodak Co. (U.S. A.) 
stripping films, have 
been employed as the thin support. 

The advantage of the thin support is 
that it provides an impermeable layer 
between the emulsion and the radio- 
active specimen, avoiding any artifacts 
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cellulose esters 














Stripping emylsion 
Emulsion 
Gelctine 
Glass 


support (Greatly enlarged) 


a 


Cut off the| 
- yemulsion re- | 
quired (usually) 
| inch squore) 


ed 
(3) Floating emulsion apiace microscopic 
specimen on bot- 
, tom of dish filled 
+ 8 with distilled 
woter 
¥ b)Turn emulsion 
downwords and 
float on surface 
of woter for ap 
proximotely 4 
minutes 


TLL, 


t 4 J 


Microscopic specimen 


Liff specimen 
to contact emul- 
sion until the 
latter covers 
the specimen 


Dry in the dork and expose 


Process emulsion while superimposed 
on specimen = ; 
inspect autoradiograph when compieted 
under microscope 


FIG. 7. Procedure for preparing auto- 
radiograph using a stripping emulsion 
supported by gelatin 


hy chemical action or abrasion, as dis- 
cussed later. This advantage is gained 


it the expense of resolution It may 
ilso prevent direct contact between the 
photographic developer and the section 
hence staining of tissue sections after 
processing Is not possible 

In the Kodak Autoradiographic plate 
is sold in England the emulsion is 
reinforced by a gelatin layer 10 pu thick 
With this material, the emulsion can be 
placed in direct contact with the speci 
men gelatin 
In both 
track 


to about S80- to 


30 


ind processed through the 


stripping materials, nuclear 


emulsions of the Sensitive 


LO0-ky 


t\ pe 


‘ lectrons are 


Kodak Co. (U.S. A. 


stripping film is now also available, on 


used Kastman 
an experimental basis, with a permeable 
base. Another type of stripping emul- 
sion suitable for autoradiography is the 
Ilford Special Halftone stripping plate. 
This consists of an emulsion mounted on 
a thin gelatin base which can be 
stripped from the glass support. 

The procedure involved in the use of 
the Kodak Autoradiographic plate (36) 
is illustrated in Fig. 7. An area of the 
emulsion layer is cut out sufficiently to 
cover the entire specimen, with a mar- 
gin at least a quarter of an inch all 
round. The microscope slide bearing 
the specimen containing the radioiso- 
tope is then placed on the bottom of a 
filled distilled water. 


The emulsion and its gelatin support 


glass dish with 
are stripped from the glass plate and 
placed on the surface of the water with 
the emulsion side underneath, facing 
As it swells, the emul- 
first crumples 
It should 
be permitted to swell for approximately 


the specimen. 
sion-gelatin composite 


and then stretches out flat. 


{ minutes and may then be lifted from 
the water by raising the slide under- 
neath it. 

The specimen with the superimposed 
emulsion laver should next be dried in 
a stream of cold air and placed in a 
light-tight box for exposure. Exposure 
may require from a few days to several 
weeks, depending on the activity of the 
radioactive isotope and its half-life. 

Processing is then carried out with 
the emulsion layer in permanent con- 
tact with the specimen, using one of the 
Workers who 


wish to stain the specimen before use 


conventional developers. 


may require a developer which has a 
lower pH and a lesser tendency to wash 
stains or dyes out of the specimen. 
Amidol is such a developer. 

Doniach and Pele (38) found a satis- 
factory technique of staining sections 
through the gelatin and emulsion after 


processing, provided the emulsion was 
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The common nuclear stains used 
worked well, i.e., the various 
blue 


were ob- 


Inevtology 


haematoxvlins and methvlene 


Part ilarly 


ising celestin blue and Maver’s 


good re sults 
tained 
| neu! 


ley 
titlth 


difficulty of fundamental impo: 
ince ina itoradiography is encounterce 
water-soluble tracers have to be em 
ployed in connection with the wet-strip 
ping film technique described above. 
and Bishop (3) de- 


Russell, Sanders, 


scribed a method of locating water- 
soluble P*? in plant tissue. 
s dehydrated at —70° C 
lead acetate, which precipitates 


Before it is 


The tissue 
in aleoholic 
hasic 
the phosphate in situ. 
sectioned or placed in contact with the 
stripping emulsion, the tissue is em- 
bedded in Other freeze-drying 


te chnique s are described by Wintering- 


Wax. 


ham, Harrison and Hammond (35), and 
by Harris, Sloane and King (39). 
(nother technique has been described 
His method 
san improvement of his and Leblond’s 
painting technique (27), 
earlier \ Kodak Matrix emulsion ts 
painted 


coated 


recently by Belanger (37). 


mentioned 


unstained celloidin- 


over an 
! 


histological section. After ex- 


posing and processing, the combined 
emulsion-celloidin-tissue preparation is 
inverted, and the 
The result is called the 


The four advantages claimed 


section is stained. 
“inverted auto- 
graph.” 
it ] 


) 


2) ability to work in semi-brightness, 


possibility of mass production, 


}) retention in the sections of P%? pres- 
ent as mineral salt, and (4) easier and 
better staining. 

Photographic artifacts and controls 
}0). Photographic emulsions do 

not only respond to the action of pho- 
tons and charged particles, but are also 
variety of 


sensitive to an unlimited 


chemical influences. The mere contact 
between certain elements, or inorganic 
and organic compounds, may lead to 
fogging of the emulsions at the area of 


contact. In addition to these chemical 
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lumineseent and 


may also 


reactions, 
effects 


pressure 
produce developable 
silver images in the emulsions. * 
These artifacts, if not recognized as 
such, may easily lead to illusions in the 
interpretation of autoradiographs. To 
avoid this possibility, the use of control 
autoradiographs is un absolute neces- 
sitv. Such a control has to be carried 
out with sections containing no radio- 
active material. Only if this control is 
negative, i.e., if no photographic action 
can be detected after a nonactive speci- 
men has been placed in contact for the 
same exposure time as required for the 
genuine autoradiographs, is interpreta- 
tion of the actual autoradiograph per- 
Several authors, notably Ya- 
Boyd and Board (40), 
have drawn attention to this important 


missible. 
goda (2) and 


point, 

Boyd and Board have shown, e.g., 
that diluted 
with clean dog serum caused blackening 
of a nuclear track plate when directly 


normal rat bone marrow 


smeared on the emulsion surface and 


stored at about 15° C for several days. 
Peripheral blood 
diluted with the same dog serum did 
not blacken the plate. Several other 


effects of this kind have been traced by 


from the same rat 


these authors. 
doubt whether an 


effect is caused by chemical action or 


If there is any 


fluorescence, a thin sheet of quartz or a 
cover glass may be interposed between 
specimen and emulsion to permit the 
transmission of possible ultraviolet 
radiation. 

To eliminate chemical artifacts, a thin 
impermeable film (such as can be made 
from Formvar, Kodak film lacquer, and 
others) may be interposed between 
specimen and emulsion. 

Resolution. Thi problem of resolu- 


tion attainable in autoradiography has 


* Eprror’s Nore: A dry-mounting technique 
to avoid these difficulties was discussed in an 
article entitled ‘“‘Method for Prevention of 
Leaching and Fogging in Autoradiographs” by 


4.1]. Williams [Nuc ieontics 8, No. 6, 10 (1951)} 
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specimen thickness 


distance between surface of 
specimen and emulsion 
thickness of photographic emul- 
sion 

point in rod containing radioactive 
material 


distance between FP and surface 
of specimen 


point in photographic emulsion 
depth of point (/ in emulsion 
distance between / and 


length of perpendicular from ( to 
extension of rod 








FIG. 8. 


been studied from a theoretical point 
Doniach and Pele (38) and 
experimentally by Stevens (4/1) 
Theoretical. Let E he 
V the 


number of developed grains, and & a 


of view by 


the exposure, 
total number of grains, n the 
factor depending on the characteristics 
of the photographic emulsion (such as 
grain size, grain sensitivity, the type 
ind energy of radiation). Then, for 
moderate densities, 
n=ENE (1) 
Doniach and Pele consider the distri- 


bution of developed grains in an emul- 


Geometry of exposure for 


considerations on resolution (38) 


sion due to the particles emitted from 
radioactive material in the form of a rod 
of length d having very small diameter 
and being perpendicular to the plane 
of the emulsion of thickness a having a 
distance 6 from the specimen surface 
(see Fig. 8). 

The effect of an element P on the 


point Q in the emulsion will be 

t NE dy dn 

dn = = 
tor* 


On integration for the total length d 
of the rod and for the thickness of emul- 














FIG. 9. 
of d (length of rod), 4 (distance from specimen surface), and a (thickness of emulsion) 
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Graphical results of computation by Doniach and Pelc (38) for different values 
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_ 

FIG. 10. Test chart 

enlarged from Kodak 

Maximum Resolution 
plate (41h) 


—— 

FIG. 11. Autoradio- 

graph of radioactive 

test chart contain- 
ing I'*! (47h) 


expression leads to 


EEN 


jar? OY 


The graphical result of the computa- 
tion of this integral for different values 
The 
half 
widths of the curves in Fig. 9 is denoted 
by d/2 


The curves 1n 


of d, 6 and a are shown in Fig. 9. 
terms of the 


resolving 


power In 


Fig. 9a indicate the 
relative spread of the number of grains 


at various distances between the photo- 


graphic emulsion and specimen surface 


based on a given length of the rod (con- 
radioactive substance) and 
and 15 up, 

that the 
resolving power for gaps from 3-0.1 yp 
Figure 9b 


taining the 
thickness of 5 
found 


em ilsion 


respectively It Is 


is improved from 17-3 M. 
shows similar conditions for a rod length 
of 2 uw for an emulsion thickness of 2 yw. 
If the gap between specimen and emul- 
sion is reduced from 1-0.1 yu the resolv- 
ing power will be improved from 5-2 uy. 
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Pele and Doniach conclude from these 
results that the distance between photo- 
graphic emulsion and specimen is of 
greatest importance and that optimum 
results may be obtained with a reason- 
ably fine grained emulsion of about 4 yu 
thickness, using a technique that en- 
sures contact better than 0.1 yu. 

Experimental. By the method de- 
scribed by Stevens (41) for the objec- 
tive measurement of resolution, a test 
chart, such as that used for determining 
the resolution of photographic lenses, is 
reduced photographically onto a Kodak 
(England) Maximum Resolution plate. 
This material resolution of 
about 1,200 lines per millimeter. The 
chart shown in Fig. 10 is an actual en- 


permits a 


largement of a silver image 1.3 K 1 mm 


in size on such a plate. This silver 
image is reconverted into a silver halide 
image. The halide is then converted to 
radioactive iodide (['5), 

Figure 11 shows a similar enlarge- 
ment of an autoradiograph of the small 
iodine test chart. For the autoradio- 
graph, the Kodak stripping emulsion 
was used. 

From the known separation of the 
lines, the autoradiographic resolution 
obtainable has been found to be greater 


than 2.5 uw, which is in fair agreement 
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theoretically derived 


Pele. 


mentioned can be 


with the values 
by Doniach 


the orde r 


and tesolution of 
attained 
only with thicknesses of specimens not 
exceeding 3-5 pw, since particles emitted 
it greater distances from the emulsion 
will have a greater divergence. Figure 


12 illustrates how the resolution is 

affected if the distance between speci- 

men and emulsion is increased, 
This effect has studied 


tematically by Stevens (41) by over- 


been SVS- 
coating the charts with gelatin. Be- 
cause the test chart image is confined 
to the surface of the emulsion layer of 
the chart, the resultant autoradiograph 
will show the conditions for radioactive 
situated at a distance 


material given 


helow the surface of the section. As 
a separation of 


marked 


seen from Fig. 12, 


3 m produces a very loss of 
resolution, 

The effect of resolution has also been 
stated by Stevens in terms of lines/mm 
detected by different 


separations between radioactive mate- 


which can be 


rial and emulsions using stripped experi- 
Nuclear Track 


measurements are 


and 
These 
given in Table 2. 


mental Process 


emulsions, 





TABLE 2 
Effect of Resolution 
Stevens (41) 


Thickness of 
Resolution 


separating 


laye (lines mim 


Process 


Nuc lear 
lrack 





How the resolution changes with the 
use of other isotopes emitting electrons 
of shorter ranges has not been investi- 
gated systematically, as far as the 


author knows. According to Howard 
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Pele 
the resolving power with S® is better 
than with P*. 

Although it that 
shorter ranges of electrons might im- 


and (private communication), 


may be assumed 
prove resolution, the effect of increased 
scatter of slow particles might nullify 
the advantage of the shorter ranges. 
This is so because most ranges (even 
those of the relatively slow electrons 
emitted by C'* and S**) far exceed the 
thickness of a 5-y emulsion. 

Speed and exposure time (4, 36, 42, 
13). The sensitivity of photographic 


emulsions to charged particles and 


photons is of great importance and 
determines the exposure time required 
to obtain an autoradiograph for a given 
The limita- 


tions in speed of the photographic mate- 


activity of the specimen. 


rial, particularly if long-lived isotopes 
are to be used, might make it impossible 
in some cases to take an autoradiograph 
within a reasonable exposure time. 
This will depend largely on the permis- 
sible quantity of uptake of isotope by 
the specimen. 

The exposure time depends largely 
on whether an autoradiograph of optical 
density or of a relatively small number 
of developed grains per unit area is 
required. Optical density is necessary 
if small magnifications are used, but, in 
the autoradiography of microspecimens, 
a small number of grains per unit area 
(or low grain density) is often sufficient. 

Pele and Howard recently found that, 
under very favorable conditions, as 
small concentrations as 10 grains per 
100) pe? 


observed, if the number of background 


(above background) can be 


fog grains is low. The speed depends 
here on the minimum exposure needed 
to give a statistically significant grain 
The figure of 10 grains/100 pu? 
above background corresponds to 10 


count, 


grains/em?, 

Examples of autoradiographs with a 
low grain-density distribution and with 
optical density are shown in Fig. 13. 
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ws 

ses 

ume 

sus 
(a) 


FIG. 12. 
width) with (a 


Photomicrograph of an image corresponding to 56 lines mm (8.9 yu line 
perfect contact, (>) 3 u separation between emulsion and test chart, and 


(c) 10 uw separation 


an 
+= 
470 & 





FIG. 13. 


(b) Optical-density autoradiograph of same field. 


The speed of a photographic emulsion 
to a given radiation is a complex fune- 
tion of several factors such as intrinsic 
grain sensitivity, size of grains, coating 
weight, concentration of silver bromide 
in gelatin, ete. 
one is chiefly concerned with exposure 


In autoradiography, 


to electrons and since the energy dis- 
a grain produced by 
than that 
fast electrons, it can be 


sipation within 


slow electrons is greater 
produced by 
issumed that the sensitivity of photo- 
graphic emulsions increases with de- 


crease of beta-ray energy. 
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Ye 7 . 


a) Phase contrast image of chromosomes, meiotic cell (dipletine) mouse 
testes, and autoradiograph superimposed (autoradiograph was of low grain density). 


Magnified 800 » 


If the interval between exposure and 
development is great, say, days or weeks 
may exhibit 
43). It has 
been shown by several workers that this 
effect 
humidity of the emulsion and the sur- 
It appears that 
the presence of free oxygen enhances 
latent image fading. If the relative 
humidity is kept low in the surrounding 
atmosphere, latent image fading will 
tend to be at a Recent 
experiments with the Kodak (England) 
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photographic emulsions 


latent image fading (42, 
is strongly influenced by the 


rounding atmosphere. 


minimum, 








\utoradiographic stripping plate have 
shown thata plate exposed for one week 
and treated under the recommended 
conditions revealed a loss of speed of 
about 30% due to fading. 

The speed of a photographic emul- 
sion to beta rays may be expressed in 
terms of the number of electrons per 
the emulsion to 


it area incident on 


ve a certain density. Speed values 


ven by Berriman, Herz, and Stevens 
f for the 


quoted for | 


Kodak Autoradiographic 
plate are and P®*? in 
Table 3 

The 


reasonable upper limit of optical densi- 


density of 0.5 was chosen as a 


ties likely to be used in autoradiography 

To assess long exposure times using 
iutoradiographic plates (nuclear track 
\-ray 


high sensitivity 


‘ mulsions), commercial emul- 


sions, because of their 
to electrons, can serve as a quick guide, 
as follows: The exposure with an X-ray 
emulsion can be done in about li 00 of 
the time needed to obtain the same 
density on a thin nuclear track plate. 
Bearing this in mind, one can then use 
\-rar 


exposure times. 


Quantitative 


emulsions to estimate necessary 


evaluation (3/'). To 


estimate quantitatively the amount of 


radioactive substance present within a 
given volume of a section of specimen, 
it is necessary, first, to determine the 
number of grains rendered developable 
per incident particle. 

For the case of electrons, this has been 
X-ray 


emulsions and for the Kodak (England) 


done by various workers for 
\utoradiographic stripping plate, using 
P| Two differ- 


approach have 


electrons emitted by 
ent methods of been 
used in estimating the grain \ ield pel 
both 


of electrons incident 


incident electron. In cases the 


number per cm? 
of sensitive laver has been computed 
from the exposure time, knowing the 
ibsolute activity of the isotope per em? 
in microcuries. 

grains 


To estimate the number of 
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rendered developable per cm?, a count 
can be made under a microscope, using 
incident electrons 


a small number of 


and subtracting the number of fog 
grains as measured on an exposed con- 
Since grain counting of the 
of the 


graphic emulsion is difficult and tedious, 


trol plate. 
very small grains autoradio- 
the number of grains rendered develop- 
able per em? of emulsion has heen com- 
puted from the measured optical den- 
sity Here a much greater number of 
incident electrons per em? is required 
than in the first case. The mean pro- 


jective areas of the grains have been 
determined by the electron microscope 
and were found to be 0.0625 ?. 

of grains affected can 
he estimated from (1913) 
formula, D = 0.4343dan, where D, the 


photographic density, equals log J)/J, 


The number (n 


Nutting’s 


and d@ is the mean projected area of the 
developed grains. A grain yield of 0.77 


has been found for P*? electrons. Lam- 
erton (private communication) counted 
the number of grains under a microscope 
and obtained, in a preliminary investi- 
gation using P**, a value of 0.50 for the 
grain yield, which means that two elee- 
required on the average to 
The 


con- 


trons are 


render one grain developable. 


agreement is quite reasonable, 


sidering the different methods of ap- 
proach. Using S*, Lamerton found a 
grain yield of 1.8. 

Similar estimations have been carried 
out on X-ray emulsions, and a grain 
yield of unity was found using both the 
counting and the computation method. 

\ count of the number of developed 
grains per unit area in various regions 
of the autoradiograph may then be used 
(a) to evaluate the absolute concentra- 
tion of the isotope if the grain yield is 
known, or (b) to evaluate the relative 
concentration without knowledge of the 
grain vield. 

If the number of grains is low enough 
to be counted, their number is propor- 
tional to the activities of the radioactive 
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TABLE 3 


Initial Activity and Number of 


Electrons Per Square Centimeter 


Required to Obtain a Density of 0.5 Above Fog Within Exposure of 10 Days 
(Kodak Autoradiographic Plate) 


Maximum energy 
of electrons 


(Mev) 


0.69 
ise 
lectrons required to obta 
in microcuries to pre 


ve 
3.7 
etrons required, A is 


e® number of ele 


in @ given density : 


Initial 
activity * 
(yc (em?) Electrons /em? 
10° 
x 10° 


56 


i 


* 


10°? 0 
10O7? l 


above fog for @ given isotope is 
is easily found 


nduce this density ina given time 


d 


104(1 e7*t) 


the decay constant in sex and ¢ is the time in se« 





This follows 


linear relationship between 


tracer in the 


th 


specimen, 
Irom 
exposure and the number of developed 
grains. For X-ray films, this relation- 
ship holds up even to optical densities 
f about 0.5 above fog for a single layer. 

If 


density 


autoradiographs of low grain 
10 grains/100 yu? above back- 
are carried out, the number of 
electrons required per 100 yu? is 10 
yield of unity). 
Calculations show that the initial activ- 
ity of P®? to obtain in 10 days 10 grains 


100 yu? is only 3.9 XK 107'° ue. 


ground) 
p32 
(assuming 


a grain 


Autoradiography by Particle Tracks 

The advantages of track autoradiog- 
raphy (39, 44-49) over the method pre- 
viously described are the possibility of 
working with still more minute quanti- 
ties of radioactive material, the possible 
of and the 
production of a of record that 
be less liable to simulation by 
artifacts. 


reduction exposure time, 
tvpe 
would 
It has often been stated also 
that the resolution may be improved 
by track autoradiography. This may 
be true but it has yet to be proved by 
experiment. 

The final track autoradiograph is 
examined under the microscope so that 
tracks from charged atomic particles 
arising from a localized spot, say from 
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the nucleus of a cell, can be traced to 
their \s 
very little work has been done on track 


origin. mentioned earlier, 
autoradiography so far and this section 
will serve more to indicate the poten- 
tialities of the method than to present 
actual results obtained. 

The mere recording of charged par- 
ticle tracks in nuclear track plates is no 
longer a problem, but to apply this 
method successfully in the field of auto- 
radiography, one difficulty has to be 
This 


of 


overcome. involves preventing 
formation background 


tracks caused by cosmic rays impinging 


unwanted 


on the emulsion or by the traces of 
adioactivity of the surrounding air or 
packing material. The 
of such tracks commences immediately 
after the manufacture of the plates and 
measurements have shown that about 
10* electron tracks are recorded spon- 
taneously in a 200-u-thick emulsion per 
em? per day. Hence even the use of 
such an emulsion within a few hours 
after manufacture will not remove this 
difficulty. 

Two may 
used, however, to reduce the accumula- 
tion of unwanted tracks: 

(1) A liquid emulsion can be coated 
onto the specimen directly by the re- 
No tracks will 
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accumulation 


alternative methods be 


search worker himself. 








he formed in the liquid emulsion while 


tored in a 


refrigerator, because the 
emulsion does not acquire its full sensi- 
tivity until it is coated and dry 

2) The tracks already formed in the 
be eradi- 
track 
tech- 


ques have been described in literature, 


! 
emulsion 
ried 


emulsion, 


alter coating may 


before using the nuclear 


Several eradication 
thie basi principle being to expose the 
100° 


for several days (but not by 


emulsion to almost relative 
humidity 
bathing in water) and to dry the emul- 
afterwards at a controlled low 


Not all eradication methods 


s10n 
humidity. 
; : 7 
lead to a full restoration of the original 
this will be 


fast electrons of energies 


ensitivity, but required 


only for very 


FIG. 14. Alpha-particle track autoradio- 
graph of the skin of a mouse containing 
polonium 


FIG. 15. Electron track autoradiography 

of Paramecium caudatum taken from a 

poured emulsion using culture containing 
P*? of 0.01 uc, ml activity 
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close to and bevond 1 Mev. For re- 
cording electron tracks from, say, 8* or 
C'* (maximum energies 170 and 145 kv, 
respectively), an emulsion sensitivity 
up to 200-kv electrons may be sufficient. 

In many cases a few isolated back- 
ground tracks may not seriously inter- 
with the 


particularly, if the interpreta- 


fere interpretation of the 
results, 
tion is done on a statistical basis. 

The potentialities of the method of 
track autoradiography are indicated by 
taken 
paper by Harris, Sloane, and King (39): 


the following remarks from a 
‘Sections giving a Geiger-Miiller beta- 
particle count of only 10 epm/mm? of 
section give autoradiographs of excel- 
lent contrast with an exposure of a few 
hours, and by studying individual 
tracks instead of photographic density, 
the emission of as few as four beta 
tracks from a single Colpidium has been 
recorded with a three-hour exposure.” 
kxamples of electron and alpha-track 
autoradiographs are given in Figs. 14 
Electron track 
graphs of C''-activated blood cells were 
taken by Boyd et al. (45) in 1948, and 
with 


and 15. autoradio- 


liver section injected 


C'*-labeled glycine (44) in 1950. 


of rat’s 


\ specialized technique of track auto- 
radiography was recently used by King, 
Harris, and Tkaezyk (47) who added 
the liquid emulsion to a culture of 
Paramecium caudatum containing P*?. 
See Fig. 15. The culture was washed 
by centrifuging several times before the 
added. The 


organisms 


emulsion 
then 


emulsion was 


containing the was 


poured onto a glass slide, rapidly dried 


by a current of air at a relative humid- 
then 
exposed for 24 hours before processing. 


ity of approximately 60%, and 
The evaluation of the tracks was done 
on a statistical basis by plotting the 
number of organisms against the track 
count per organism in a histogram. 
Although the track 
autoradiographs does not require any 


processing of 


specialized methods other than those 
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recommended by the plate manufactur- 
ers, coating thicknesses exceeding 100 yu 
need special treatment to obtain uni- 
form development throughout the depth 


of the emulsion. In those cases, a so- 


called temperature cycle development 


has been introduced (48). The basic 
idea of this type of processing is to pre- 
soak the emulsion in the developer for 
about 20 minutes at a low temperature, 

5° C, and then gradually warm up 
the developer to room temperature, 
where development occurs in the usual 
way. At the low temperature, the 
developer penetrates to the bottom of 
the emulsion, but its action is reduced, 


* * * 


In connection with publication of Figs. 

15, the author wishes to acknowledge the 
courtesy of the following Kodak Ltd., Lon- 
lon (Fig. 7); British Journal of Radiology 
Figs. 8-12); Dr. S. R. Pelc, Hammer- 
smith Hospital, London (Fig. 13); Dr. L. 
F Lamerton, Royal Cancer Hospital, Lon- 
lon (the mouse skin preparation containing 
Po is due to Prof. Kreyberg, Unitversitets 
Institutt for Patologi, Oslo) (Fig. 14); and 
J. E. Harris and D. T. King, University 
if Bristol (Fig 145). 
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An Extrapolation Chamber: Construction and Use 


Surface and depth-dose rates of betas can be measured with 


this precision chamber. 


Modification to allow measurement 


over a wide pressure range extends the use of the instru- 
ment to higher ionization currents and to backscatter studies 


By T. E. BORTNER 


Health Physics Division, Oak Ridge 
Oak Ridge 


THE EXTRAPOLATION chamber method 
developed by Failla (7, 2) has proved to 
be an excellent means of measuring sur- 
face and depth-dose rates of beta radia- 
The mechanical requirements are 

ih that many variations of construc- 
tion are possible. In this paper, an 
itternpt is made to show one variation 
conventional 


from the extrapolation 


chamber and also to show its diverse 


£08 
Ide illv, 


rate 


the measurement of radiation 


dost at a surface would be accom- 


plished by measurement of the rate of 


ionization in a well-defined volume of 
ur of infinitesimal thickness adjacent 
to the surface. Since such a measure- 
ment is impractical, the extrapolation 
chamber is designed to provide a mov- 
ible collecting electrode and guard ring 
which ean be kept parallel to the emit- 
ting surface The ionization measure- 
ments can be made in decreasing vol- 
umes which approach this situation 
of ideality 
From these measurements one gets, 
by extrapolation, the limiting ionization 
per unit volume as the electrode separa- 


tion approaches zero, 


Instrumentation 

The conventional extrapolation cham- 
bers used in this laboratory are basically 
the same as those described by Shep- 
Abele 3 Some 


pard and 


40 


minor 


National Laboratory 


Tennessee 


changes have been made in the original 
design to insure parallelism of the elec- 
trodes and to facilitate measurement of 
the chamber volume \ cross sectional 
view of this type of chamber is shown 
in Fig. 1 

The 


be such that the two surfaces of the col- 


mechanical arrangement must 
lecting volume remain parallel at all 
times and such that they can be so 
adjusted that the plate 


separation is known with a high degree 


or electrode 
of accuracy. Separation and parallel- 
ism of the electrodes are determined by 
The 
chamber is 
The 


circumference is divided by an engraved 


a metric-micrometer depth gage. 
shell of the 
threaded with a pitch of 1 mm. 


movable 


scale into 40 divisions. 
field is 


Very close 


An undistorted electrical 
necessary for ion collection. 

separation of the guard ring and the 
The 
collector and guard rings are threaded 


collector help to accomplish this. 


so that they screw down tightly to form 
a uniform flat surface, and are separated 
by a space of 0.005 in. 

The output voltage of the chamber is 
measured across one of six resistors 
ranging from 10'* ohms for very small 
currents down to 10!° ohms for larger 
currents. In using the 10'% and 10'*- 
ohm resistors, a shielded line filter on 
the collecting voltage supply has proved 


Measurements are made by a 
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useful 











null method using a vibrating-reed 
electrometer, the output of which is 


The 


pensating emf in millivolts, as measured 


indicated on a_ recorder. com- 
on a potentiometer, is used to compute 
the rate of ionization. Cyclic reversal 
of collecting voltage was used in all beta 
measurements to compensate for the 
charge carried by the primary particles. 
The average of the values thus obtained 
are used 

Two chambers of this type, with col- 
lector electrodes of area 3.142 cm? and 
5.000 cm? respectively, are in use at the 
While the higher sensi- 
tivity of the larger collector is often 
difficulty of 
taining parallelism is increased. 


present time. 


ob- 
The 
convenient 
sensitivity is not 


advantageous, the 


smaller collector is more 


where increased 
required. 

Twelve sets of collectors and guard 
rings are available for each chamber. 
Some of these are of plastic, one is car- 
bon, and the remainder are of metals 
whose atomic numbers range from 4 


to 92. 


Variable-Pressure Chamber 


For many purposes it is advantageous 


to have the extrapolation chamber in 


an airtight enclosure in which measure- 
ments can be made at pressures varying 
several atmos- 


from near vacuum to 


pheres. Such an arrangement permits 
the use of higher ionization currents 
with high-intensity sources, and meas- 
urements in vacuo for studies of back- 
other For 


such purposes a conventional extrapola- 


scatter and phenomena. 
tion chamber has been redesigned and 
enclosed in an airtight case made of 
brass and Lucite, as shown in Figs. 2 
and 3. 

The Lucite top permits a full view of 
the thermometer 


inside the pressure 


chamber. The chamber is designed to 
contain a polyethylene lining to mini- 
mize backscattering coming from the 
chamber wall. 
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FIG.1. Cross-sectional view ofjextrapo- 


lation chamber 


‘ 

















FIG. 2. Cross-sectional view of variable- 


pressure chamber 


If only having 


infinite thickness are to be 


sources effectively 
used, the 
size of the pressure chamber could be 
reduced from 
6 in. in height to 4 in. in diameter and 
3 in. in height. 
be omitted, as ready access can be had 
from the top. 

Considerable skill is required to get 
an insulator through the case so that it 


5'6 in. in diameter and 


Also, the window may 


will not move when pressure is applied 
from either direction; such movement 
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FIG. 3. Variable-pressure chamber 
mounted on resistor box and vibrating- 
reed electrometer 


a 9 a: 48 

6 Number 

FIG. 4. Backscatter of betas from P* 
as a function of atomic number 


Atom 


would affect the very critical electrode 
separation, 

Measurement of dosage rate. The 
response of the variable pressure cham- 
ber has been studied with air pressures 
ranging 1078 
atmospheres and with collecting volt- 
ages from O to 2,500 
pected, the measured ionization is pro- 


from mm of Hg to 7 


volts. As ex- 


portional to the pressure of the gas. 
For the measurement of dosage rate, 
the electrode separation is adjusted to a 
value in the range for which the meas- 
ured ionization is known to be propor- 
tional to the separation (1 mm or less 
The chamber is evacuated and filled to 
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the desired pressure with dry air (or 
other gas). 
The rate of ionization is computed by 
using the equation 
I = 3,600 sec /hr 
3 X 10% esu/eoulomb K E/RV 


where /] =rate of ionization (esu 


em*/hr), # = electrometer potential 


volts), AK = resistance (ohms), and 
V = volume of air from which ions are 
collected 


For beta and gamma radiation, J, in 


em?). 


esu/cm*/hr, is numerically equivalent 
to the dosage rate measured in rep/hr. 
For alpha radiation the equivalent 
number of rep/hr is obtained by multi- 
plying the number of esu/em*/hr by 
1.16 (4, 5). 

When sources exceeding saturation 
backscatter from 
the pressure-chamber walls need not 


When the 
thin 


thickness are used, 


be considered, source is 
material such as 
hydrochloride, the 
backscatter from the pressure chamber 
taken Back- 


seatter at atmospheric pressure can be 


mounted on a 
Zapon or rubber 


must he into account. 
determined experimentally by removal 
of the For beta 
radiation of 1.7-Mev maximum energy, 
backscatter 1.3%. 
By lining the chamber with polyethy- 


pressure chamber. 


was found to be 
lene 'g in. in thickness, the backscatter 
was reduced to an insignificant value. 
Backscatter in a near vacuum cannot 
be measured directly, but it was shown 
that the response to 1.7-Mev beta radia- 
tion with a pressure of 107? mm Hg was 
decreased 2.5% when the chamber was 
The lining 
did not interfere seriously with the ob- 


lined with polyethylene. 
taining of a vacuum sufficiently good to 


stop ionization. As was previously 
stated, this lining would not be neces- 
sary for sources of infinite thickness. 
Other uses. While the extrapola- 
tion designed for the 


chamber was 


measurement of dose rates, the variable- 


pressure modification permits its use 
This 
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modification is particularly useful for 
studies of the reactions of primary beta 
particles with various materials. 

Figure 4 shows measured backscatter 
of beta radiation from the elements from 
beryllium to lead, for the geometry used 
in this particular set of measurements. 
The backscatter upon the 
energy of the radiation and upon the 


depends 
geometry of the chamber. These meas- 


urements were made at atmospheric 
pressure, 

Figure 5 shows the dependence of the 
current upon the 


atomic number of the collecting elec- 


measured electron 


trode. The sources of the beta radia- 
tion are P®? and S*:; collection is made 
at near vacuum with a potential of 90 
volts. 
measurements shown in Figs. 4 and 5 
is the same as that described for Fig. 6. 

The dependence of measured current 
on the potential of the collector is illus- 
trated in Fig. 6 for a different set of 
conditions. Here $S** is as the 
source of beta radiation; the collecting 
of beryllium and lead, 
ind the potential of the collecting elec- 
10 to +10 volts. 
represent the 


The source mounting for the 


used 
electrodes are 


trodes is varied from 
The 
ind decrease in 
that 

collecting voltage. 


increase 
measured current 
with 
When the chamber 
effects are 
masked by the larger currents resulting 


ordinates 


referred to obtained zero 


is not evacuated, these 
from the ionization of the air. 

The S** used for the measurements 
shown in Fig. 6 was deposited on a very 
thin film of rubber hydrochloride. In 
each case the material of the guard ring 
was the same as that of the collecting 
electrode. 

Zero collecting potential was estab- 
lished by reversal of the leads to the 
chamber with no effect on the electrom- 
eter. The first 144 volts of collecting 
potential were taken from a potentiom- 
eter, and the balance (up to 10 volts) 

voltage 
volts no 


carefully measured 
Above about 20 


irom a 


supply. 
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FIG. 5. Depreciation of electron current 
from P*? and S* as a function of atomic 
number of electrode. Intensity with Be 
collector set at 100°,. Pressure is 
10°-* mm Hg 


—s 


FIG. 6. Dependence of electron current 
from S** on collecting voltage for Be and 


Pb electrodes. Pressure is 10°? mm Hg 


? 


rapid change in the collected current 
was apparent; from that point up to 
2,500 volts, the current continued to 
change slowly. 

It will be noted that the increase in 
electron current with increase in the 
positive potential of the collecting elec- 
trode, decrease in electron 
current with the absolute 
magnitude of the negative potential of 
not sym- 


and the 
inerease in 


the collecting electrode, are 
metrical. 

Measurements using P** and Sr®° as 
sources of beta radiation gave the same 
sort of results, except that the difference 
in rate of collection for the beryllium 

(Continued on page 94) 


43 








Image (right) of objects (left 


iridium-192 source in work done at the National Research Council in Canada. 





as seen on fluoroscopic screen using gamma rays from 


Photo- 


graph at right was taken by hour-long exposure with Super-XX film and is one of the first 
ever taken of a fluoroscopic image produced by gamma rays 


FLUOROSCOPY WITH GAMMA RAYS 


Until now, there have been limitations on use of gamma rays 


in fluoroscopy. 


Described here is a 14-mm’ Ir'*” source from 


the Chalk River reactor, which shows promise for such work 


By C. GARRETT and A. MORRISON 


Radiology Lahor atory, 


National Research ( 


ALTHOUGH the gamma rays from ra- 
dium and from some radioisotopes have 
been employed for the radiography of 
steel and other metals, they have not, 
up till now, been used for fluoroscopy. 

As part of an investigation into the 
radiographic characteristics of iridium- 
192 (7), a source of high intensity was 
prepared. It was a cylinder of iridium 
sponge, compre ssed into a pellet 3 mm 
; high, at the 


in diameter and 2 
aluminum cylinder 1 em 


in 
center of ar 


in height and in diameter, and it had a 


a4 


Division of Physics 


ounci, Ottawa, Canada 


radiation output of 1.89 r/hr at 1 meter. 

Because this source was small enough 
to approximate a point source for an 
object 20 or 30 cm away from it, and 
since it had high output of gamma rays, 
it seemed worthwhile to see whether or 
not it could be used for fluoroscopy. 

There are a number of reasons why 
gamma rays from most radioactive ma- 
terials seem unsuitable for fluoroscopy: 

Until quite recently, the radiation 
output of gamma-ray sources has been 


A radium pellet of 500 milli- 
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View of objects seen in the photographs 
on the opposite page. The fluoroscopic 
screen is lying at the left. Lead shield- 
ing can be seen in the background. The 
objects are penetrameters made to test 
the sensitivity of the gamma-ray fluor- 
oscopy method. They are steel cylinders, 
steel plates with drilled holes, and plastic 
disks with ball bearings 


grams was considered a large source, 
yet the radiation output 1 meter from 
this source is only about 0.4 roentgens 
per hour. Sources equivalent to 3 or 
1 gm of radium are now available for 
radiographic use, but even with these 
sources the intensity at a meter does 
not exceed 2 or 3r/hr. This intensity 
seems very low when compared to the 
X-ray beam, 
order of 5 to 


intensities in an 
of the 


meter 


usual 
which may be 
10 r 


get. Because these gamma-ray inten- 


min at | from the tar- 
sities seemed so low, fluoroscopy was 


not considered or was dismissed as 
impractical. 

Larger gamma-ray sources than those 
mentioned above have been produced, 
but for fluoroscopy a very small source 
of radiation is needed so that sharp 
shadows of the internal structure will 
The 


sources of gamma rays of high intensity 


be cast on the fluorescent screen. 


which were produced, were physically 
large, and could not be considered, even 
approximately, as point sources. Sharp 


images could not be expected from 
them. 

Two of the most common sources of 
intense gamma rays are cobalt-60 and 
Their rays are of 


radium. gamma 


high energy and are so penetrating that 
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only a small change in the intensity of 
the beam reaching the screen, and hence 
in the luminance of the image, would 
be expected for a relatively large change 
in the thickness or density of the object 
The 


the fluoroscopic image would be corre- 


under examination. contrast in 
spondingly low. 

Another aspect is that gamma rays 
passing through matter generate second- 
ary radiations of lower energy which 
from 
The fluoroscopic 
efficiently to 
these radiations than to the more ener- 
Therefore, the secondary 


are scattered in all directions 
the irradiated areas. 
screen responds more 
getic quanta. 
radiation may be expected to produce a 
diffuse 
screen which would tend to obscure the 


general illumination on the 
details in the image produced by the 
primary beam. 

A factor in favor of the Ir'®? source 
mentioned above was that its gamma 
rays, having energies between 200-600 
kev, with the rays of maximum intensity 
315 and 467 kev, are much 
lower in energy than those of radium or 
cobalt. 
thickness of an object will make a much 


at about 
Thus, a small change in the 


greater change in the intensity trans- 
mitted than would be the case for the 


rays from cobalt-60 or radium. 


Test with Iridium Source 


The iridium source, in its shipping 


container, was placed in a dark room, 


and a Patterson Type B-2 fluoroscopic 
screen was held about 30 cm above it. 
A few minutes were allowed for the eyes 
to become adapted to the dark; then 
A faintly 
illuminated circular area could be seen 
After a few 
minutes, when the eye adaptation had 


the stopper was removed. 


on the screen. more 
become better, the screen appeared to 
A steel plate and 
clearly 

Two 


glow quite brightly. 
the head of a 
visible 
14-inch steel plates and a !4-inch one, 
stacked on each other so that they par- 
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hammer cast 


shadows on the screen. 








TABLE 1 


Flat Penetrameters 


Width 


ti he s 


Length 


(inches) 


0. 50 
0 75 
0. 75 


0 75 


Thickness (T) 


(inches) 


Hole diameter (multiples 
of thickness) 


0.040 37, 4T 
0.060 7, 27,08 
0.080 v.37. 37 
0.125 of aa 





tially overlapped in step fashion, could 
be distinguished from each other. <A 
25-cent piece could be seen faintly on 
the }4-inch plate. When the cast lead 
plug was replaced in the shipping con- 
tainer, it was observed that the plug 
must have a center-line shrinkage cav- 
ity, as radiation was still reaching the 
screen through the plug and producing 
a bright spot on its axis. 

These preliminary trials showed that 
fluoroscopy with iridium gamma rays 
might be more practicable than had 
been thought, and a further investiga- 
tion was undertaken. 


Method and Scope of Investigation 


The source, in a lead container, was 
moved to a room which could be more 
completely darkened, and the 
tainer was fitted with a lead collimating 
cone, so that a defined was 
directed vertically upward. 

The container was mounted so that 


con- 


beam 


the source was about 20 cm below a 
plywood table 
masonite, '4 inch thick, was supported 
above the table top, and parallel to it, 
in such a way that the distance between 
the table top and the top of the mason- 
ite, and hence between the source and 


top, and a piece of 


the top of the masonite, could be varied. 
\ fluorescent screen was placed on the 
masonite. Test objects, sliding on the 
table top, could be moved under the 
screen and could be seen on it. 

Rough tests indicated that the inten- 
sity after passing through an inch or 
more of steel was still adequate to pro- 
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duce an easily visible illuminated area 
on the The internal metal 
structure of a telephone handset could 
be seen, metal objects packed in a box 
of lighter material could be located, 


screen. 


steel screws and nails were visible in a 
piece of wood, and steel balls could be 
found in a brass box with walls that 
were 14-inch thick. 

More exact tests were made to deter- 
mine the thickness of 
which could be seen in the direct beam, 


steel 


smallest steel 


and on various thicknesses of 
plates, and to find out how the radiation 
intensity at the screen varied with 
source-to-screen distance and with the 
thickness of steel placed in the beam. 
The luminance of the screen for differ- 
ent source-to-screen distances, and for 
different steel thicknesses in the beam, 
was measured. Several types of fluo- 
rescent screen were compared in lumi- 
nance. The details of the measure- 


ments are given below. 


Sensitivity 


In radiography, the sensitivity of the 


technique used is often measured by 
finding, for each thickness of material 
radiographed, the smallest additional 
thickness of the same material, having 
a standard size and shape, which can 


be detected. These standard pieces, 
called penetrameters, may be chosen to 
be flat, cylindrical, or spherical. Those 
most commonly used for this purpose 
are flat, rectangular pieces, and are 
pierced by three holes of different diam- 
eters, so that some indication of the 
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sharpness of the radiograph is obtained 
from the visibility of these holes. 

To get sensitivity data at this labora- 
tory, two sets of penetrameters were 
The first set of flat 
pieces of steel, of four thicknesses, each 
The 


diameters of the holes were multiples of 


used. consisted 


drilled with two or three holes. 


the thickness of the piece in which they 
were drilled. 
in Table 1. 
of round rods, each 1.5 inches long, and 
of ten different diameters, the smallest 
rod being 0.091 inch and the largest 
0.375 inch in diameter. ; 

With the screen 4.0 cm above the 
table top, and 25.5 cm from the source, 


Data on these are given 
The second set consisted 


each set was placed in turn in the beam, 
first on the table top, and then succes- 
sively on pieces of steel of thickness 
0.25, 0.50, and 0.75 inch. Three ob- 
servers noted the smallest penetrameter 
which could be seen, and in all cases 
their observations agreed. The results 
are summarized in Table 2. 

The steps in size, particularly in the 
flat penetrameters, are too large, and 
the range in thickness is not great 
enough, to draw very accurate conclu- 
As is to be expected, the flat 
than the 
round bars, probably because of their 
Even for the flat bars, 


SIONS. 


pieces are more easily seen 


sharp edges. 


Image of a pair of pliers produced by the 

gamma-ray fluoroscopy method using an 

iridium-192 source. Graininess is due 

both to the screen and to the negative 

from the 35-mm Plus-X film on which the 
picture was taken 


the smallest additional thickness that 
can be seen on the steel is about 25%, 
or better, that 
can be seen in a radiograph with the 
of radiation. It would 
appear that this method of examina- 
tion will not show the fine details of 


as compared to the 2%, 


same source 
structure. 


Radiation Intensity 


The ridiation output of «he source 
was measured at 1 meter from it, using 





TABLE 2 
Visibility of Penetrameters 


Smallest penetrameter which can be seen 


Flat pieces 


Thickness (inches) 


0 1 
0.25 D 
0.50 4 


0.75 none 


Round bars 


Thickness (inches) 


0.040 (holes not clear) 
2 0.060 (holes not clear) 
0.125 (holes clear) 
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a Victoreen 0.25-r chamber. It was 
found to be 31.5 mr/min or 1.890 r/hr. 

To find the intensity of the radiation 
at the different positions occupied by 
the fluoroscopic screen, measurements 
were made at each position with Bald- 
win-Farmer ionization chambers, types 
BD-2 and BD-11. The results are 
given in Table 3. 

These intensities, while still low com- 
pared to X-ray intensities, are much 
higher than those which have been usual 
in gamma-ray applications. Calcula- 
tion shows that they are quite consistent 
with those expected from the inverse- 


TABLE 3 


Radiation Intensities at Screen Positions 


Distance above Intensity 


source (cm) remin 








square law. 

The variation of intensity at the 

|, lonization screen, with increasing thickness of 

chamber steel absorber, was measured at the 
: screen for screen-to-source distances of 
25.5 and 27.4 em. The results are 
given in Table 4. 

The absorption curve found in this 
way is plotted as the solid line in Fig. 1; 
it differs from that found earlier with 
photographic film (7) which is shown 
: as a dotted line. The present curve is 
Photographic film-~ nearly linear, and shows a half-value 
layer of 0.58 inch of steel, and an ab- 
sorption coefficient 4 of 1.2 per inch or 
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10 0.47 per centimeter. 
° 0.5 1.0 1S The difference in the curves is prob- 
Steel thickness ably due to the different proportions of 
FIG 1. Comparison of absorption curves = rimary and secondary radiation re- 


as measured by photographic film and by : ‘ 
ionization chambers corded by the film and ion chambers. 








TABLE 4 
Variation of Intensity with Thickness of Steel Absorber 


Intensity at 25.5 cm from source Intensity at 27.4 cm from source 


Steel thickness Per cent of initial Per cent of initial 
(inches r/min intensity r/min intensity 
0.51 100 0.46 100 
0.38 73 0.34 74 
0.30 58 0.25 54 
0.22 42 = 
30 
0.073 16 
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Luminance 

The luminance measurements, which 
will be described below, were made with 
a low luminance meter with a compari- 
son field at 2,360° K. The meter was 
mounted at an angle of about 60 de- 
grees from normal to the screen in all 
cases. The luminance was checked at 
about 30 degrees and there appeared 
to be no appreciable change in the lumi- 
nance with the angle of observation. 

Measurements of the luminance of 
the 
with 


Patterson B-2 screen were made 
the 
from the 
the luminances are given in Table 5. 
These luminances are all very low, 
much lower than those used in medical 
and industrial fluoroscopy. Eye adap- 
tation periods of 30 minutes were neces- 
sary for these experiments, and the 


various distances 
The distances and 


screen at 


source. 


room used had to be completely free of 
light leaks. It was found that illumi- 
nation from the usual X-ray darkroom 
safelights, having Wratten 6B filters, 
could be tolerated, if the lights were 
used to produce a faint, general, red 
illumination and were not directed to- 
ward the observer. 

By comparing Tables 3 and 5, one 
that the measured luminance 
does not vary directly with intensity. 
This is so because the luminance meas- 
urements are dependent on the sensitiv- 
ity of the eye, which is not uniform with 


can see 





TABLE 5 
Luminance of Screen at Various Distances 
from Source 


Luminance of screen 
(microlamberts) 


Distance from 
source (cm) 


to 
on 


” 


~ 
~ 


nw 


wNaae 
na 


. 
+ 


_ 





luminous flux at this low level. Also, 
the luminous flux may not be directly 
proportional to radiation intensity. 

In the preliminary measurements, it 
was observed that the first 14 inch of 
steel appeared to make a much greater 
difference in luminance than did succes- 
sive equal thicknesses. To confirm 
this, measurements were made of the 
luminance of the B-2 screen with no 
steel and with 0.25, 0.50, and 0.75 
inches of steel between the source and 
the screen which was 25.5 em from the 
source. Measurements were also made 
of the luminance of this screen with the 
screen at 27.4 cm from the source and 
with 0.25, 0.50, 1.0 and 1.5 inches of 
steel between the source and the screen. 
In each case, the bottom of the stee) 
plate, or plates, was on the table top 
21.5cm from the source. The measure- 
ments are given in Table 6. 

In agreement with the visual obser- 





TABLE 6 


Source-screen distance 25.5 cm 


Luminance 
(microlamberts) 


Steel thickness 
(inches 


0 100 


25 
0.50 
0.75 
1.00 
1.50 


Per cent 


Measured Luminance of Screen with Steel Absorbers in the Beam 


Source-screen distance 27.4 cm 


Luminance 
(microlamberts) Per cent 


6.2 100 
61 4 63 
56 3.4 52 
43 


30 
18 
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ition, the drop in measured luminance, 


brought about by the first steel ab- 
sorber, is much greater than that pro- 
duced by the others, and is 
than the 


intensity. 


greater 


change in the measured 


Luminance of Various Screens 
It was felt 


about the most suitable type of fluores- 


that some information 
cent materials to use with gamma ravs 
might be gained by a comparison of the 
luminance of various types of screens. 
\ll measurements were made with the 
screens at 25.5 em from the source. 
The gamma-ray intensity at this dis- 
tance from the source is 0.48 r/min. 
The results of the comparisons of the 
screens are given in Table 7. 
Since data published by Chamberlain 
on the luminance of screens for 
X-ray fluoroscopy refer to the earlier 
Patterson Type B screen, measurements 
were made of the luminance of the B 
which The 


luminance of the B-2 screen which had 


screen was on hand. 
been used up till now was measured, as 
was that of a second B-2 screen. 

\t the level at which these measure 
ments were made, 32.4 cm above the 
source, the luminances for the B screen, 
the B-2 screen, and second B-2 screen, 


were 2.2, 5.3, and 4.4 microlamberts, 


The B 


in luminance than either of the 


respectively. screen is much 
lower 


3-2 screens, and by a much greater fac- 


tor than suggested by Chamberlain and 


Henny (3), and there is an appreciable 


difference between the two B-2 screens. 


Discussion 

The penetrameter sensitivity achieved 
in fluoroscopy with iridium gamma rays 
is not nearly as good as that which can 
be attained in radiography with the 
same radiation, nor is it even as good 
as that which can be obtained in X-ray 
fluoroscopy of comparable thicknesses 
of steel, This may be attributed to the 
high energy, 


50 


and the consequent low 





TABLE 7 


Comparison of Types of Screens 


Luminance 
of screen 
(micro- 
T y pe of screen lamberts) 
Patterson B-2 7.6 
Eastman Kodak Industrial H, 

Back screen 
Eastman Kodak Industrial H, 

Front screen 
Patterson Industrial 245, 

Thick type 
Eastman Kodak Ultra Speed, 

Back screen (2686) 

Eastman Kodak Fine Grain, 

Back screen (2986) 
Eastman Kodak High Defini- 

tion, 

Back screen (2018) 0 
Patterson Hi-Speed 0.: 
Patterson Detail 0.38 
Patterson Par-Speed <0.33 





absorption of the radiation, and to the 
low radiation intensity and the resulting 
low luminance of the sereen. 
Nevertheless, fluoroscopy with gamma 
rays has been accomplished, and it may 
The 


pactness of the source, and its freedom 


have useful applications. com- 
from reliance on power lines, are impor- 
tant advantages. 

\ sensitivity which allows the detec- 
tion of a flat piece of steel the thickness 
of a dime, and of a round rod less than 
a tenth of an inch in diameter, is ade- 
Better sen- 
sitivity may be obtained with sources 


quate for many purposes. 


of greater intensity, and with sources 
whose rays are less penetrating. 

If it were possible to develop screens 
which were more efficient in converting 
light, the 
screen, and the 
sensitivity of the method, would be 


gamma rays into visible 


luminance of the 


enhanced. 

Some improvement in the sharpness 
of the image formed on the screen could 
be gained by using a larger source-to- 
screen distance, but this would require 
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an increase in source strength, and 


hence, for a given specifie activity of 
iridium-192, an increase in source size. 

Because of the high self-absorption 
of the rays in the source itself, the in- 
crease in absorption with increasing 
dimensions of the source would soon 
outweigh any gain in intensity due to 
the increase in the volume of active 
material. This self-absorption has been 
discussed by Dixon (4). 

The large drop in measured lumi- 
nance, produced by the first steel plate, 
might be thought to be a physiological 
effect associated with the variation in 
response of the eve to color at that par- 
illumination. It is 


about here that change-over from rod to 


ticular level of 
cone vision takes place, and the color of 
the fluorescent screen is not the same as 
that of the standard light source against 
which the instrument is calibrated. 
This is not consistent, however, with 
the data of Table 5, 


tions from the inverse-square law as do 


where such devia- 


occur, measured by the product of 
luminance and distance squared, are in 
the direction which would indicate an 
overestimation, rather than an under- 
estimation, of the lower luminances. 
The effect may be‘due to the absorption 


in the steel of the soft components of the 


radiation, since the screen responds 


more efficiently to these than it does to 
the harder ones 

Of the screens whose luminance was 
measured, the Type B-2 produced more 
than twice the luminance of the Type 
B screen, and was much superior in 
luminance to any of the others. There 
was a marked difference between the 
two B-2 screens; no reason is known for 
this. 
for radiography rather than fluoroscopy, 


The other screens were intended 


and were designed to produce the maxi- 
mum photographic 
plate rather than in the eve. 


response in the 


. . . 


We would like to acknowledge most 
gratefully the assistance given by Miss E. 
G. Mayo and Mr. C. L. Sanders of the Pho- 
tometry and Colorimetry Laboratory of the 
Physics Division, in measuring screen 
luminances, and by Miss Helen Chabun 
and Miss Edith Ferguson of this labora- 
tory, in visibility of the 
penetrameters, and in making other readings. 
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“I should like to comment on the question whether it is necessary to 


use the nuclear chain reaction irreversibly. 
it is necessary to go through a thermal cycle. 
One could try and do it reversibly, but that principle 


not necessary. 


That is to say, whether 
Now, in principle, it is 





is so far from any practical realization that I am inclined to be dog- 
matic on this point and say that for a very long time to come, say 50 
years or 100 years, perhaps never, we shall not be able to realize it. 
I think a considerable amount of thought has been given to this and, 
so far as I know, nobody has been able to think of any means other 
than degrading the energy which comes directly from fission into com- 
mon or garden heat, and then using the heat in orthodox ways.” 


—M. L. H. Pryce, Fourth World Power Conference, 
London, July, 1950 
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Chemical Separation of Fission Products 


Useful separation techniques for elements formed in thermal- 
neutron uranium fission have been developed. Recently 
declassified methods for elements from Ge to Ce are given 


By G. WILKINSON* and W. E. GRUMMITT 


Atomic Ene rgy Project, National Research Council 
Chalk River, Ontario, Canada 


THe METHODS of chemical separation 


of radioactive fission products of 
uranium described in this paper were 
developed during a surveyf of the fis- 
sion yields of the longer-lived activities 
produced in the thermal-neutron bom- 


[333 U2 (1). Al- 


faster and more efficient 


bardment of and 


though pro- 
cedures for separation of some fission 
products have been developed in recent 
this 
In this connec- 


vears, the methods deseribed in 
paper are still useful. 
tion, reference should be made to the 
comprehensive work on fission products 
in the United States (2). 

The total mass of radioactive atoms 
formed in short irradiations is usually 
less than 107° of the mass of the target 
element. Although the chemical sepa- 
ration of these active atoms from the 
target material is sometimes possible 
without adding macroscopic amounts 
of an inactive element of similar chemis- 
trv as a carrier, it is often difficult or 
impossible to do this quantitatively. 

For the measurement of the yields 
of the radioactive 


various species 


formed in the fission of uranium, the 


ictivities of these species in a uranium 


target must be determined quantita- 


tively The same element, or an ele- 


* Present Avpress: Chemistry Department 
Harvard University, Cambridge, Mass 
+t This work was carried out between January 
1945 and April 1946 at the Montreal laborator 
f the National Research Council of Canada 
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ment having similar chemical proper- 
ties, is added to a solution of the target 
The 


quantity of carrier is usually of the 


as a carrier for the active atoms. 


order of a few milligrams, which is large 
compared to the total amount of radio- 
active element present. 

If the weight of the added carrier is 
known, quantitative separation of the 
carrier is unnecessary since an estimate 
of the total activity originally present 
in the target solution can be obtained 
from the fraction of the carrier recov- 
ered and This 
called the yield. For the 
procedure to give valid results, how- 


counted. fraction is 


chemical 


ever, complete exchange between the 
active atoms present in a solution and 
the atoms of the carrier material added 
is necessary. 

When an element has more than one 
valency state, active atoms of that ele- 
ment may be formed in more than one 
state; appropriate carriers are therefore 
added and oxidation-reduction cycles 
performed to ensure complete exchange. 
When elements with easily hydrolyzable 
ions are involved, additional operations 
must be introduced, e.g., complexing 
with a suitable agent to ensure that the 
active and carrier atoms are in states 
where exchange is possible. 

The procedure adopted 
must give a product that is not con- 
ele- 


chemical 


taminated by other radioactive 


ments. The radioactive purity of the 
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product is determined in several ways. 
The 


active element studied, 1.e., the curves of 


radiation characteristics of the 
the decay rate and of the absorption of 
9- and y-rays in Al and Pb foils respec- 
tively, must not change when additional 
specific chemical separations are per- 


formed on the material. The specific 
ictivity of the material (expressed as 
uctivity per unit mass, and corrected 
for decay) must be constant in chemical 
separations. Finally, chemical separa- 
tions of suspected contaminating ele- 
ments should give inactive products. 
Since quantitative determinations of 
fission product activities are required, 
the separated element must be obtained 
in a stable stoichiometric compound 
for the estimation of the chemical yield. 

When active species of several ele- 
ments are present in the sample a single 
chemical separation of a desired element 
is insufficient, except in a few special 
radioactively pure 
add to the 


carriers for other active ele- 


cases, to give a 


product It is usual to 
solution 
ments present in the mixture (these are 


‘hold-back”’ 


Several chemical separation cy- 


generally known as car- 
riers 
element are then 


made with hold-back earriers added at 


cles for the desired 
each stage. 

It is sometimes necessary to remove 
interfering activities before separation 
of the desired element; this is termed a 
“scavenging” For example, 
in the separation of Cd and In by 


process. 


precipitation of the sulfides from weakly 
acid solutions, activities due to other 
sulfide-group 

by scavenging 


elements are removed 
precipitations of sul- 
fides which precipitate at higher acid 
concentrations. 

The order of addition of reagents is of 
If the precipitant 
before the 


utmost importance. 
is present in the solution 
carrier is added, exchange between the 
radioactive atoms and carrier may be 
Procedures 
involving such preformed precipitates 


very slow or incomplete. 


should be avoided where possible. 


In many precipitation reactions, 
particularly where gelatinous precipi- 
tates are obtained, activities noniso- 
topic with the carrier element may be 
carried down; this process, which may 
be partial or complete, is known as 
“coprecipitation.” 
precipitation of easily hydrolyzed ions 


such as those of Zr, Nb, Sb, or Sn can 


For example, co- 


occur in solutions weak in acid, or in 
the absence of suitable complexing ions. 

Although it is possible to separate 
all of the fission elements from a single 
sample, it is impracticable to do so. 
Such a procedure requires the simul- 
taneous addition of all carriers and the 
use of 
radiochemical 


suitable methods to achieve 


exchange before any 
other chemical operation is performed. 
It is better to separate from each sample 
only a single element or a small group 
of elements such as Sr and Ba, or Rb 


and Cs. 





Experimental Method 


The starting materials were samples 
and U*3 as the 


black oxide, which had been bombarded 


of natural uranium 
with neutrons in a reactor for 57 days. 
The samples were dissolved in fuming 
nitric acid and the volume of the solu- 
Aliquots of 
about 2.4 


in the case of the 


tion adjusted to 250 ml. 


this solution containing 


mg/ml of uranium 


natural uranium sample were used in 
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experiments. Since the samples were 
allowed to decay for some weeks before 
chemical investigations started, 
only the 


were present (/, 3). 


were 
longer-lived fission species 

Chemical separation procedures were 
investigated for the elements from Ge 
to Pr. 
plished by using between 2 and 10 mg 
of the element as carrier; Re carrier was 
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The separations were accom- 





radioactive 
Mo, Ru, 


and a rare 


ised for Te. Long-lived 
isotopes of Sr, ) + Zr, Nb, 
Sn, Sb, Te, I, Cs, Ba, Ce, 
earth now known to be Pm, were found 
lived Rh, I, La 


ind Pr activities were found as daughter 


in the samples; short 

activities of longer-lived parents 
(Appropriate carriers for the elements 

added to the 
The solution 


re separated were 
sion-product solution. 


boiled 


performed to 


oxidation-reduc- 
facilitate 


then and 


tion cycles 
Appropriate 
added 


separation 


radiochemical exchange. 


hold-back 


the first 


carriers were before 


chemical and at 


other stages where were 


separations 
made, The usual techniques of chemi- 


cal analysis on the semimicro§ scale 


were employed; precipitates were re- 
15-ml 


centrifuge cones, or in Lusteroid tubes 


moved by centrifugation in 
vhen HF solutions were used. 

The final step in the chemical separa- 
tion of a fission-product element was 
convenient 
The latter 
with a 


the precipitation of a 
stoichiometric compound. 
and W ashed 


was centrifuged 


suitable aqueous wash solution, then 
with water and finally, repeatedly with 


With the aid of a 


pipette the precipitate was mixed with 


acetone. small 


acetone and was transferred to a I-in. 
square glass microscope cover slide 
The dried 
infrared heat lamp, and during drying 


samples were under an 


were adjusted to give a small spot of 


uniform thickness. The mass of the 


Fission-Product Procedures 


active precipitate was obtained by 


weighing the slide on a microbalance 
before and after mounting the sample. 
The cover slide was held by Scotch tape 
on a card cut to fit the shelves below a 
CGeiger-Miiller counter. Activities were 
measured using a bell-type counter with 
a mica window of thickness 3 mg/cm?, 
and filled with 10 em of argon and 0.5 
em of alcohol vapor; corrections to the 
observed activities were made for 
variation in 
counter efficiency, for self-weakening of 


coincidence losses, for 
B-rays in the sample, ete, 

The basic chemical separations used 
and are described in 
the literature and in standard analytical 


are well known 


texts (4, 5, 6). Procedures satisfactory 
from the ordinary analytical stand- 
point often give products of low radio- 
The method of study 
used was to separate the desired element 
by a specific chemical procedure. The 
radiochemical purity of the product at 


chemical purity. 


various stages of the separation was 
examined filtrates 
checked for contaminating activities. 
In this way the effectiveness of various 


and residues’ or 


separation methods for the desired ele- 
ment were compared and suitable pro- 
cedures introduced to remove trouble- 
activities. The 
procedures described in the next section 
radio- 
fission-product 


some contaminating 


gave samples of satisfactory 
chemical purity from 
solutions containing 104-10° times the 


activity of the separated product. 





Four principal methods are used for 
the chemical separation of the elements 
from Ge to Ce formed in the thermal- 

uranium. Distilla- 
used for Ge, As, Se, 


Ru, Te, Sn, Sb; 


neutron fission of 
tion methods are 
solvent-extraction 
Mo, I, and Br 
precipitation methods are used for 
Rb, Sr, Y, Zr, Nb, Rh, Pd, Cd, In, Te, 
C's, Ba, La, 
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methods are used for 


Ce, and other rare earths 


electrochemical separations are used for 
Ag and Sb. 


Germanium, Arsenic, and Selenium 

The chemical procedures used were 
those of Noyes and Bray (Ref. 4, pp. 37, 
62). Hold-back carriers and carriers 
for Ge, As, and Se in the various 
valency were added to the U 
solution and the solution boiled under 
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10% HBr. The _ first 
was collected, hold-back car- 
added, and a redistillation of 
As and Se bromides was made. 


reflux with 
distillate 
riers wert 
the Ge. 
Selenium was precipitated from the 
second distillate by reduction with SO, 
or NH,OH-HCL The 
as sulfide by H.S precipitation 
from >5N HCI-HBr solutions or from 
HF solutions, Ge remaining in the 
both The Ge 
recovered as sulfide after removal of 
HF by fuming with H.SQ,. 

Small amounts of I and Sn contami- 


As was recov- 


ered 


filtrate in cases. was 


nation were present in the Ge, As, and 
These were dissolved 
HNQOs;, I~ carrier 


se precipitates. 
in the minimum of 
added, and Agl precipitated. The 
solutions were then made 6N in HCI; 
Se was again reduced by NH,OH-HCl 
ind As and Ge were precipitated as 
>2N HCI. 


Inactive samples of Ge, As, and Se 


sulfides from 


were obtained from samples containing 
over 10° disintegrations per minute of 
gross fission products, with chemical 
10-60%. active 


species were found, the completeness 


yields of Since no 


of radiochemical exchange is not known. 


Bromine and lodine 


The procedure used was a modifica- 


that given by Dodson and 
Fowler Both I and Br were ex- 
tracted from the bombarded U in 0.5N 
HNO 
back carriers 
Br and I carriers were added as KBrO; 
and KIO 
quantities of KBr and KI; the liberated 
halogens CC],. 
Recovery of I showed that the specific 
ctivity of the samples obtained from 


tion of 


solution in the absence of hold- 
In the first experiments 


and followed by equivalent 


were extracted into 


the fission-product solution was very 
variable. This was attributed to the 
incomplete exchange of the carrier | 
and the from 
experiments were made to improve the 
The active solutions were 
carrier, then I~ was 


radioactive I fission ; 


exchange. 
refluxed with 10; 
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added in stoichiometric 
and the iodine taken through several 
oxidation-reduction cycles using NaNO, 
as oxidant and SO, as reducing agent. 
This procedure raised the specific activ- 
ity of the iodine samples and reproduci- 
After the 
exchange treatment, the halogens were 
liberated and into CCl. 
The CCl, extracts containing free I, and 
Br. were treated as follows: 

Bromine. The extract was shaken 
with a few drops of saturated NaNO, 
solution and about 2 ml of 0.05N HNO; 
(Ref. 5, p. 190). 
to Br~ and was removed in the aqueous 


proportions 


ble results were obtained. 


extracted 


Bromine was reduced 


layer; iodine remained in the CCI, layer. 
Potassium iodide carrier, together with 
a few drops of SO, solution, was added 
This insured 
reduction of all the iodine before the 
addition of NaNO». 
removed by a CCl, extraction and the 


to the aqueous layer. 
lodine was then 


cycle repeated. Silver bromide was 
precipitated from the aqueous layer 2 
in HNQOs by addition of AgNOs. 
Iodine. After removal of Br by 
NaNOs, the CCl, layer was shaken with 
sulfurous acid and Agl was precipitated 
from the solution made 2N in HNQOs. 
Inactive Br samples and radioac- 
tively pure I samples were obtained 


with chemical yields of about 75-80%. 


Cesium and Rubidium 
The U solution containing 2 mg each 
of Rb and Cs carrier was scavenged 
as follows: a sulfide precipitation with 
Te, Ru, Sn, Sb, Ag carriers; a 
hydroxide precipitation with La, Ce, Y, 
Zr, and Nb carriers; and finally, a car- 
bonate precipitation with Sr and Ba car- 
riers. Two or three such scavenging 
cycles gave Rb and Cs of the required 
radioactivity purity. The carbonate 

filtrate was acidified with HCl. 
Cesium. 
boiling 6N HCl solution by the silico- 


and 


Cesium was separated from 


tungstic-acid procedure (Ref. 6, p. 897 
and precipitated finally by the chloro- 
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ylatinate method (Ref 869, S70, 
| 


RUS). 


“i. pp 


Two separation cycles were 


radioactively pure Cs being 


yield of 


made, 
obtained with a chemical 
over 90%. 

Rubidium. After removal of Cs, the 
Rb remaining was precipitated by the 
method; the Pt 
removed from the chloroplatinate pre- 
cipitate by NzHyHCl (Ref. 6, p. 895 


Cesium carrier was added and the solu- 


chloroplatinate was 


tion evaporated to dryness. To the 
added 1 ml of a saturated 


solution of the sodium salt of 5-nitro- 


residue was 
6-chlorotoluene-3-sulfonic — acid (8). 
The mixture was heated until a clear 
was obtained. After cooling 
insoluble Rb salt of the 
was centrifuged; Cs _ re- 
A few drops of a 
saturated solution of Cs were added to 


solution 
in ice, the 
organic acid 
mained in solution. 


the precipitate and were evaporated to 
further 1 ml of 
was introduced and the separated Rb 


dryness. A reagent 
complex washed with a saturated solu- 
tion of the organic complex, a very 


small quantity of iced water, and 


acetone, Samples of Rb having an ac- 
tivity of only a few dpm were obtained 


with chemical yields of about 70%. 


Barium and Strontium 
The separation of Ba described else- 
that 


and Sr 


where (9) is based on methods 
utilize the insolubility of Ba 
nitrates in fuming nitrie acid (10) and 
of BaCl. in HC] 


ll The chromate procedure 


solutions 
Ref 
for further 


saturated 
fi, pp. 122, 125) was used 
purification of Ba from Sr. 

In later experiments it was found that 
this procedure gives inadequate separa- 
tion of Ba when intense activities of Sr 
The 
procedure was developed 
tion to the U 
Ba and Sr carriers together with hold- 
back carriers of La, Ce, Y, Zr, Ru, Sh, 
Te, and Cs, the solution was evaporated 
The Ba and S&S 


following modified 
After addi- 


solution of 2 mg each of 


are present 


to a small volume 
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nitrates were then precipitated by addi- 
tion of fuming HNO, and by cooling 
the mixture to 0° C. The precipitate 
was dissolved in a minimum amount of 


hold-back 


and the nitrates were reprecipitated. 


water, carriers were added 


The nitrates were dissolved in water: 
3 mg each of Ru and Sn carriers were 
then added and precipitated as the 
The H.S was boiled off and 
the solution made slightly acid with 
After addition of 2 ml of 
3.V ammonium acetate the Ba was pre- 


sulfides. 
acetic acid. 
cipitated by dropwise addition of 3.N 


The 


after 


K.CrO, to the boiling solution. 
Sr remained in the filtrate 
centrifuging. 

Barium. ‘The precipitated chromate 
was boiled with (NH ,).COs; solution * 
and the BaCQOy; residue washed and dis- 
solved in dilute HCl. Strontium hold- 
back carrier was added and BaCrQO, 
reprecipitated. This was dissolved in 
dilute HNOs, La’ hold-back 
added, and the Ba precipitated with 
fuming HNO, or with dilute H.SO,. 

Strontium. The Sr was precipitated 
from chromate filtrate with (NH,4)sCQOs. 
Then the residue 
dilute HNQOs, Ba carrier added, 
BaCrO, The Sr 
finally precipitated from the filtrate as 
either SrCOy or SrSO,. Radioactively 


carrier 


was dissolved in 
and 


precipitated. was 


pure samples of Ba and Sr were ob- 
tained with chemical yields of 70-80%. 


Zirconium and Niobiumt 
These elements were separated from 
U solution and from each other by a 
method work of W. R. 
Schoeller tef. 6, pp. 331, 1093). 
Milligram amounts of Zr and Nb ear- 


based on the 


* Barium chromate precipitated in presence 
of even a slight excess of chromate ion causes 
coprecipitation of Sr so that little separation is 
possible It is necessary, therefore, to precipi- 
tate BaCO, at this point 

+ A superior procedure for separation of Zr 
is the precipitation of BaZrFs by addition of 
Ba(NOs;): to Zr solution 3N in HNOs and HI 

D. N. Hume, Ref. 2, paper 245). Procedures 
for separation of Nb by a coprecipitation with 
MnO; from 10N HNO; and a CHCl; extraction 
of the cupferron complex are also deseribed (2) 
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riers (a small of H.O, was 
found to be necessary to keep the Nb 
in HCl] solution) and hold-back carriers 


were added to the U solution. 


quantity 


Excess 
HF was added and the solution boiled. 
Radiochemical exchange was expected 
to be difficult with species hydrolyzing 
as readily as Zr and Nb, but it was 
considered that with a strong complex- 
ing agent in solution, exchange would 
occur more rapidly. 

The specifie activity of final samples 
was increased by boiling the fission- 
product solution and the carriers in HF 
The fluoride removed 
by fuming with H.SO, and the Zr and 
Nb were then precipitated from boiling 


solution was 


3N acid solution by addition of excess 
NH,H.POs, solution. 


boiled for 15 


The solution was 


min and centrifuged. 
The precipitate was washed twice with 
NH,H.PO, 


with water, and was then boiled with 


saturated solution, once 
NaOH solution to convert the phos- 
Coprecipitated 
Since Nb 
alkaline 
saturated 
and boiled to precipitate the 
Nb as the hydrated oxide. The centri- 
hydroxides free 
from phosphate and dissolved in 6N 
HCl with a trace of H.On:, if necessary. 
Yttrium, La, Ce, Ba, Sr, Sn, Te, and Ru 
carriers added to the solution in 
The 
phates were precipitated as before and 
HF. Rare- 
earth fluorides were centrifuged from 
the Zr and Nb solution at this stage. 
The fluoride solution was fumed with 
H.SO,, added to 25 ml of water 


phates to hydroxides. 
Sb phosphate is dissolved. 
s partially soluble in the 


solution, the mixture was 


with SO 
washed 


fuged were 


were 


about 3 mg quantities, phos- 


were finally dissolved in 


and 
and cooled in ice to prevent precipita- 
tion of Zr.(PO, To this was added 
2 mg each of Y, La, and Ce, the solu- 
made 6N in HF, and the 
precipitated rare-earth fluorides were 


tion Was 


centrifuged. 
The solution was evaporated to dry- 
and fused with 2 gm each of 


ness 
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The fused mass 
0.5N KOH in the 
dissolved completely 


K.CO; and KNO 
was leached with 
cold. The Nb 
leaving a residue of ZrQ,. 
Niobium purification. 
carrier, 2 mg of Sb was added. 
alkaline solution then 
with SO, and boiled to precipitate Nb 
The precipitate was centri- 


As hold-back 
The 
was saturated 
as before. 
fuged, washed, and dissolved in dilute 
HCl with the addition of a trace of 
H.O., if necessary. To the solution 
2 mg of Zr was added and excess H,.O, 
destroyed with KMnO,y. The Nb and 
Zr hydroxides were precipitated in the 
cold with NH,OH. The _ precipitate 
was fused as and Nb then 
leached from the fused mass and pre- 
The precipitate 


above 


cipitated with SOb. 
was ignited to the pentoxide, NboOs. 
Zirconium purification. The residue 
of ZrO», was dissolved by fusion with 
KHSO,. The cold melt was dissolved 
in water, the solution was made 2N in 
H.SO,, and Nb carrier 
The solution 
to boiling, tannin reagent was added, 


solution was 


introduced. was heated 
and the flocculent orange-red complex 
of Nb was precipitated with a minimum 
of NH,OH. 


precipitations were made, after which 


Two such scavenging 
the Zr was precipitated and ignited to 
the oxide. 

Although the procedure is long and 
tedious, radioactively pure samples of 
Zr and Nb were obtained from fission 
product solutions containing about 10° 
dpm with chemical vields of about 50%. 


Molybdenum 
The Mo was first removed from the 
U solution as the sulfide.* Hold-back 
carriers were added to the solution 64 
in HCl. This was saturated with H.S 
and bottle for 
removed, 


heated in a pressure 
The Mo,S 
dissolved in aqua regia, and hold-back 
carriers for the sulfide group added; 


15 min, was 


*A more rapid initial precipitation was 
a-benzoinoxime (Ref. 6, p. 587; 12) 
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molybdenum 
diethyl 
thiocyanate complex or the compound 
MoO,-2HCI (Ref. 6, p. 589). ToaaAN 
J1Cl solution a small amount of Zn was 
idded followed by excess 4.11 NH,CNS 
The red 


then 
extraction ol! 


separated by 
either the 


was 


ether 


Mo complex was extracted 
with diethyl ether. Alternatively, the 
Mo solution was made SN in HCl and 
MoO,2HCI extracted by diethyl ether 
the partition coefficient for this extrac- 
tion is small and two extractions were 
made with a volume of ether twice that 
of the aqueous phase. 

In both procedures the ether layer 
was washed with 8M HCl and evapo- 
rated; the 
HNO, and PbMoO, was precipitated 
by the lead 


the solution buffered with ammonium 


residue was treated with 


addition of acetate to 
acetate The precipitate was dissolved 
in HNO; and PbhMoO, reprecipitated. 
Chemical yields in this procedure were 
H0% satisfactory decon- 


about and 


tumination was otained. 


Ruthenium and Technetium 

Ruthenium distilled as the 
volatile tetroxide, RuO,y, (Ref. 5, p. 40 
from solutions 3M in H.SO, and 0.5M 
in NabBrQs, or fuming HCI1O,- 
H.SO, solutions; hold-back carriers for 
Te, Ba, Cs, Ce, Zr, Nb, Sn, Sb, and Mo 
were present. Nitric acid was removed 


Was 


from 


by fuming with H.SO, or by reduction 
with formic acid or urea, as it was found 
to interfere with the RuO, distillation 
After refluxing to achieve exchange,* 
the vellow distillate collected in 
5N NaOH solution from which Ru was 
precipitated as the metal by addition 
of Mg after HCl. 
Chemical yields were about 90% and 


Was 


acidification with 


separation factors of the order of 10° 


* Present knowledge shows that radio- 
hemi exchange of active Ru and earrier in 
cid solutions is not necessarily complete 4 
better method of achieving exchange, due to 
Ww iH Hardwick of the National tesearc! 
( n Chalk River, Ontario, Canada, en 
s alkaline oxidizing fusion of Ru carrier and 


with KOH and KNO 


active matera 
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distillations 
that 
Perlman 


obtained with two 

The method used for Te 
given by Goldschmidt and 
(13). Technetium followed Ru in the 
HCIO, distillation. On reduction of 
the Ru-Te distillate with alcohol, Ru 
hydrous oxide while 
the Te remained in solution. The Te 
addition of ReQO, 
carrier and precipitation by addition of 
No Te activities were 


were 


Was 


precipitated as 


Was removed by 


nitron reagent. 
found in the present work. 


Rhodium 


After addition of carriers for most 


of the fission elements, Rh was _ pre- 


cipitated from 0.4.V HCl solution by 
HS. 


aqua regia, and sulfide-group carriers 


The precipitate was dissolved in 


were added. Other sulfide-group con- 
taminants, As, Ge, Se, Te, Sn, Sb, In, 
Mo, Ru, Te, and Pd, were then re- 
moved. The As, Ge, and Se were 
removed by distillation with HBr; Se 
and Te were precipitated with SO, or 
N-H,HCl;¢ Ru and Te were removed 
HCIO,; Mo 
removed by extraction with ether from 
6N HCl; Pd was precipitated with 
dimethylglyoxime or N.H,yHCl. The 
Rh was then separated from Sb, Sn, 
and In by precipitation from 1N HC! 
by H.S. This precipitate dis- 
solved in HNO; and the Rh precipi- 
tated by with Zn. The 
freshly precipitated Rh was found to 
H.SO, which 
allowed a further separation cycle to 
No Rh species were found 


by distillation with was 


was 
reduction 


dissolve in hot strong 


be made. 
among the longer lived fission-product 


activities. Chemical yields were of 


the order of 90%. 


Palladium 


Palladium and earriers for other 


sulfide-group elements, Sr, Ba, Ce, Cs, 


ete., were added to the U solution. 
le and Se are reduced 
Hydrazine in IN HC1 
Pd, Te, and Se to the element The Rh 
is not reduced, nor is Ru Formic acid in 1N 
HCl reduces Rh and Pd to element, but not Te 
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t In hot 2N HCI, only 
to the element by SO: 


reduces 





Phe 


HOU In 


Pd was reduced to the metal by 
IN HCl solution with NoH,- 
HC} This 
HINQOs, 


sulfide-group 


was dissolved in strong 
hold-back carriers for the other 
elements and the rare 
were added, and the solution 
was made 2N in HNO;. The Pd was 
then by addition of a 
excess of dimethylglyoxime or 
Ref. 6, p. 723). The 
complex was washed and dissolved in 
after addition of hold- 
back carriers, the Pd was precipitated 


earths 


precipitated 
slight 


a-furildioxime 
qua regia and, 


twice as the oxime and was reduced to 
the element by heating with formic acid. 
Chemical vields were >90%. 


Silver 


The method used initially was pre- 
AgCl HNO, 
AgCl was dissolved in 


cipitation of the from 


The 
NH,OH, scavenging precipitations of 


solutions 


hydroxides were made, and the AgCl 
This procedure 
gave unreliable separation, particularly 


was reprecipitated. 
from Pd and, furthermore, the chemical 
vields were low. 

An electrolytic method—the _ first 
application of electro-chemical separa- 
tion to the extraction of active fission 
which 
and gave effective 
Carrier Ag was added to 
the fission-product solutions in HNO; 
and the 


products was developed was 


rapid (about 30 min 


purification 


solution boiled to insure radio- 
No hold-back car- 


The solution was 


chemical exchange. 
riers were required. 
electrolyzed using Pt electrodes at a 
suitable to give removal of 
\g in about 15 min (Ref. 6, p. 824). 
The Ag deposit was washed with dilute 
HNO; and water and the electrode then 
placed in 3N NaCN solution. The Ag 


was redeposited using a clean electrode. 


potential 


This was washed, dissolved in strong 
HNQOs, AgCl 
weighing and counting. The chemical 
100% and 
pure samples were obtained 


and precipitated for 


vields were almost radio- 


Acty ely 
from solutions over 10° 


containing 
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disintegrations per minute of gross 


fission products 


Cadmium and Indium 
The U 


In carriers with 2 mg each of the other 


solution, containing Cd and 


sulfide-group elements and Y, La, Ce, 
Ba, Sr, Zr, Rb, and Cs, was adjusted to 
0.5N HCl with H,S. 
(Cd and In are not precipitated in 
0.5N HCl, although if the Cd concen- 
tration exceeds ~0.7 mg/ml, precipita- 


and saturated 


tion of CdS will occur.) After removal 
of the sulfide precipitate, the solution 
was boiled to remove H.S, and further 
quantities of As, Ge, Se, Mo, Ru, Rh, 
Pd, Ag, Sn, Sb, and Te were added and 
precipitated as before. This step was 
repeated. Ammonium acetate and ace- 
tic acid were added to the filtrate, and 
In and Cd precipitated by saturating 
The In and Cd 


dissolved in 


the solution with H.S. 
sulfides were sufficient 
cold 1N HCl to give a concentration of 
0.1 mg/ml of each metal. Carriers for 
Ru, Sn, Sb, Se, Te, Y, La, Ce, Zr, Ba, 
Sr, and Cs were added, and the separa- 
tion of In and Cd as sulfides was re- 
peated. This 
until the acid sulfide group, the rare and 
alkaline earths, and alkali-metal carriers 


cycle was continued 


Three cycles 
The final pre- 


were recovered inactive. 
were usually required. 


cipitate was again dissolved in cold 1N 


HCl. Only Cd and In sulfides were 
found to be soluble under these condi- 
tions; small amounts of Sn, Te, ete., 
that might follow remained undissolved. 

The In and Cd were separated by 
several methods, including the precipi- 
of In(OH); by NH,OH, the 
precipitation of In ferro- 


tation 
oxalate or 
cyanide in the 
NH,OH, or the precipitation of In by 
K.CrQO, from neutral solution. 


presence of excess 


The best separation was achieved by 
acetate 
from dilute acetic acid solution. Ce- 
rium, La, Y, Ba, Sr, Zr, Nb, and Cs 


carriers were added to the acid solution 
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the precipitation of In basic 











of In and Cd. This solution was made 
slightly alkaline with NH,OH and then 

fit id Hi¢ | Any 
m4 of Zr and Nb 


was removed 


faintly with precipi- 
formed at 
stage Iixcess solid 
Na acetate was added to the solution 
ind the mixture boiled for a few min- 
ites and In basic acetate precipitated. 


I his 


water 


was centrifuged, washed with 
dissolved in dilute acid, and In 
ré precipitated 

The Cd 
after the 


precipitation with H.S from 0.2N acid 


was recovered from the 


filtrate removal of In by 


solution in the presence of La, Ce, Y, 
Zr, Ba, Sr, and Cs The 
precipitate was dissolved in dilute HC] 


carriers 


ind the solution boiled to remove H,S 
Rare earths, Zr, Ba, Sr, Cs, and In 
hold-back carriers were added and Cd 
reprecipitated either by the addition of 
in equal volume of 5% aqueous solu- 
allyliodide-hexamine, or by 


tion ot 


the addition of an equal volume of 


phenyltrimethvlammonium iodide re- 
went (2° aqueous solution containing 
5% KI In 
which 
Ag, Sb, Pd and 
Chemical yields of Cd and In 
in the procedures that were used were 
of the order of 50-60%. 


these two reactions, ele- 


ments precipitate as iodides 


intertere must be 


ibsent 


Tin 
Tin carrier was added to the U solu- 
tion and exchange achieved by oxida- 
tion-reduction eveles between Sn!! and 
Snis and Se 


10° HBr solu- 
remaining in the Sn!! 


Germanium, As, were 
then distilled from the 
tion, Sn state 
About 0.2 ml strong H.SO, was added 
to the residue followed by strong HNO 
xr other oxidizing agent to oxidize Sn! 
to Sn!¥ (in which state it is volatile as 
SnCl, which boils at 114° C), and Sb™! 
to SbY (SbCl, is less volatile in HCl 
solutions than SbCl, boils at 
3.5" C The Sn was then distilled 
from 12N HCl solution (Ref. 4, p. 70 
The distillate was collected, hold-back 
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which 


carriers for Sb and other elements were 
added, and the 
The second distillate neutralized 
with NH,OH, Sb earrier added, and the 
saturated 


procedure re peated 


was 
solution with oxalic acid. 
Hydrogen sulfide was then passed into 
the hot oxalic acid solution to precipi- 
tate Sb.S;; Sn remained in the solution 
as the complex oxalate 

The oxalate filtrate 


remove H S; Sb 


boiled to 
added, 


precipitated. 


was 
carrier Was 
and the Sb.S,; again 
Finally, the oxalate was destroyed by 
the addition of a 
KMnQO, to the hot 
with H.SO,. The solution was treated 


with Fe to reduce the tin to the Sn!! 


excess of 


slight 


solution acidified 


state, and to remove any traces of Sb 
The solution was then centrifuged and, 
after adjusting the acidity to O0.4.V, Sns 
Wis precipitated. Chemical yields of 
70% 

10° when separation 


The 


Sn were about with separation 


factors of about 
cycles were repeated three times 


procedure is very tedious 


Antimony 


Formerly antimony was separated 
from fission-product solutions, after the 
distillation of Ge, As, Se, and Sn, by 
reduction to Sb"! and distillation from 
H;PO, solution 


stream of HCl gas. 


to complex Sn) in a 
The Sb was then 
precipitated as Sb.S; from oxalie acid 
solution. 

\ much faster and neater method 
using the electrolytic reduction of Sb!!! 
to SbH; (14 Radio- 
exchange assured 


Sbut 


was employed. 
first 


SbY-earrier 


chemical was 


between and and 


active atoms by boiling the strong HC! 
solution and by oxidation with Br2 and 
N.H,HCl. Antimony 


reduction with 


sulfide was then precipitated by H.S 


dilute HCl hold- 
back carrier should be present because 
other 


from solution. No 


deposition of metals at the 
cathode causes lowering of the over- 
The sulfide destroyed 
by fuming with H,SO, and a few drops 
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voltage. was 








HNO The 
ut 4N H.SO, 
d cell at an applied potential of 


out 4 volts 


diluted to 
was electrolyzed in 


solution, 


a small Pt anode and a 
cathode of pure Pb 
were used \ stream of N» carried the 
SbH,; into 1.5N AgNO The 
precipitate of Ag and Ag;Sb was washed 
boiled with 6N HCI. 
was dissolved and, after 
residue, the 
dity of the solution was adjusted and 


Y 


ge cylindrical 
solution. 


water and 


he insoluble 


Sb.S precipitated, 
This procedure gave an 80% yield of 
milligram amounts 


carrier when 


used. The separation was made 
10-15 min and samples of constant 
from 


disin- 


ivitvy were obtained 


lutions containing over 106 
rations per minute of fission-product 
Partial 


As and Se activities might have 


activities contamination of 
Sb by 
been expected, but in the present work 
activities of As and Se 

Any As and Se could 
have been readily removed by distilla- 
tion with HBr 


no long-lived 


were present. 


Tellurium 

Since no long-lived Se activities were 
present in the fission-product solutions 
used, Te was removed from a 2N solu- 
tion of U Radio- 
chemical exchange between active spe- 
cies and the added TeO;~— ~— and TeO,- — 
carriers was achieved by boiling the 
HCl solution. The Te precipitate was 
dissolved in a small amount of strong 
HNO; and Nb carriers were 
idded and by NaOH. 
After this scavenging the Te was again 
reduced from 2N HCl solution by SOs. 


The evele was re peated until the specific 


by SOs. reduction. 


and La 
precipitated 


ivity of Te was constant. In the 


could be 


presence of Se activities, Te 
separated by using the precipitation of 
12N HCl 


782) in 


Se by SO solutions 
which Te 


Chemical 


Irom 
pp. 779, 
remains in the solution 


vields were about 95%. 
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Yttrium, Cerium, and Rare Earths 

Yttrium, Ce, and other rare earths 
were precipitated directly from hot 
solutions 3N in HNO; by the addition 
of HF. Hold-back carriers for Zr, Nb, 
and the sulfide-group elements were 
present. The 
heated to fuming 
was diluted; Sr, 


fluorides were 

HCI1O,;* the 
solution Ba, and Cs 
hold-back earriers were added; and the 
rare-earth hydroxides were precipitated 
from the boiling solution by NH,OH. 
The hydroxides were dissolved in dilute 
HCl, Zr and Nb carriers added, and the 
fluorides reprecipitated. 


washed 
with 


These separa- 
tions were repeated until the residual 
solutions were inactive. Three eycles 
were usually adequate. 

Cerium. 
Y and other rare earths by precipi- 
tation of the tetravalent 
The 
ides were dissolved in 2 ml of concen- 
trated HNQOs, and 0.1 gm of powdered 
KCIO; or NaBiO; was added and the 
solution boiled. To the solution, 5 ml 
of 0.35M KIO; in 1N HNO, was then 
added and the 
centrifuged after 10 min. 
precipitate of Ce(1O,), was 
esized with hot 6N KOH 
and the hydroxide centrifuged. 


Cerium was separated from 


iodate or 


phosphate. f rare-earth hydrox- 


mixture cooled and 
The washed 
metath- 
solution 


Ce- 


rium was also separated as Ce3(PO,), by 
the addition of NH,H.PO, to the boil- 


ing HNO, 
converted 
bef re. 


solution. The phosphate 


was to the hydroxide as 


Either procedure was repeated 


using hold-back carriers. Ceric oxide, 


CeO., was obtained for measurement 
by ignition of ceric oxalate, which was 
precipitated from a 3N HNO, solution 
of Ce by addition of an equal volume 


*A more satisfactory way for removing F 
was by complexing with H,BO Rare-earth 
fluorides were dissolved in 3N HNO, saturated 
with HsBOs;, from which solution the hydrox- 
ides were precipitated by NH,OH or NaOH 

t Zr and Th activities formed by uranium 
decay are removed by precipitation as the 
iodate or phosphate using Zr carrier; Ce is held 
in the 3+ state in this step. In the present 
work negligible activities were found in such a 
Zr precipitation 


61 





f a saturated solution of oxalic acid. 
(Chemical yields were about 80%. 
Yttrium and the rare earths. These 
remained in the filtrate after removal 
of Ce. Yttrium was separated from 
the La group of rare earths by the well- 
known double sulfate procedure (Ref. 6, 
p. 251 


eparated by the 


Praseodymium was partially 


oxidizing fusion 


Separation of Daughter Activities 


To check the possible existence of 
daughter activities of the radioactive 
sotopes formed in fission, appropriate 
chemical se¢ parations were made, The 
only parent-daughter systems in the 
fission-product solutions studied were 

Te'3*(77h) — 1'82(2.3h 
Ba!#?(12.8d) — La'*(40h 
Sr#°(19.9y) — Y*(61h 
Ce'44(275d > Pr'4(17.5m 
Zr®(65d) —» Nb*%*(35d 
Rut’*(1.0y) — Rh'*(30s 
Chemical separation of 
charge Z + 1 have 
the active elements of charge Z studied 


elements of 


been made from all 


The methods used were essentially 


those given for the separation of fission- 


uw 


method (Ref. 4, p. 230). In both these 


cases, poor separation factors were 
obtained and chemical yields were low 

The well-known ion-exchange 
methods are now used in the separation 
of Y 


are usually isolated by procedures that 


and the rare earths; Sm and Eu 


utilize amalgam formation and precipi- 
tation of EuSO,, respectively 





elements from irradiated U 
These 


ably modified since contamination with 


product 


solutions. methods were suit- 


only one element, the parent, was 


possible. The following were typical 
separated 


YF;; 


precipitate was fumed with HCIO, and 


separations Yttrium was 


from Sr by precipitation of this 


the YF; reprecipitated after addition of 
Sr hold-back carriers. Antimony was 
separated from Sn by precipitation of 
Sb.S; from an oxalic acid solution: 
after solution of the 
strong HNOs, 


added and a further reprecipitation of 


precipitate in 
Sn hold-back carrier was 
Sbh.S, from saturated oxalic acid solu- 


tion was made 
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Optimum Distribution of Counting Times 


Total counting time can be minimized by properly choosing 


background and sample counting times. 


Graphs are pre- 


sented for making this choice and finding the total counting 
time and the distribution of counts for a given statistical error 


By W. E. BROWNING, Jr.* 


NEPA Division, Fairchild Engine and Airplane Corporation 
Oak Ridge, Tennessee 


WHEN MEASURING the strength of many 
radioactive samples of only moderate 


intensity, it is important to minimize 


the time required to measure each 


sample. It is then possible to measure 
more samples per unit time with a par- 


i]. 
ticular 


statistical error, and counting 
equipment and operating personnel can 
Thus, a given 


handled with a 


be used most efficiently. 
counting load can be 
smaller investment in equipment and 
personnel. Also, under this condition, 
rapidly decaying samples can be meas- 
ired with a more favorable statistical 
error in the short time that is available 
before the activity is too low. 

xe pt for strong samples, much of 
the counting time is spent determining 
the magnitude of the background count- 
I rate This is necessary so that the 


y 
statistical error of the background rate 
vill not introduce a large error when the 
observed counting rate is corrected for 
background 

If the 


measured its statistical error will appear 


background is inadequately 


as a lack of precision in the final results. 
To obtain the desired precision, one 
might repeat the determination or in- 
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crease the total counting time. How- 
ever, up to a certain point, it is more 
efficient to increase background count- 
Beyond this point the 


contributed by the 


ing time. 
statistical error 
background value is small compared 
to that 


value, and one might more profitably 


contributed by the sample 
concentrate on the latter to ‘mprove 
the accuracy of the measurement. 

An optimum distribution of effort be- 
tween the counting of background and 
sample exists, and the usefulness of a 
quantitative treatment of the relation- 
ships these 


connecting quantities is 


apparent. 


Calculation of Optimum Distribution 


The time required to measure a single 
sample is 
T=T7,+T, (1) 
where 7’, is the time required to meas- 
ure the background, and 7, is the time 
required to measure the sample. 
Iquating to zero the derivative of 
Iq. 1 with respect to 7', establishes a 
condition for minimum 7' 
dT , aT, 
—- 2] + —— = 
dT dT 


To evaluate the last term in Eq. 2 it is 


0 (2) 


necessary to have a relationship be- 
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tween 7, and 7 This may be ob- 


tained as follows: The corrected count 


ng rate of the sample ts 


C=C C', 3 


a 
where C, is the counting rate of back- 
ground and sample combined, and C}, ts 
The 


probable statistical error, €,, associated 


the background counting rate. 
with (, is equal to the error in number 
of counts divided by the counting time, 
/, (assuming errors in time measure- 
ment to be negligible 

0.6745 Vv Cal's - Cs 
é - = 0.64 15 a 
. Te \ i's 
Che factor 0.6745 is the coefficient for 
that 50% 


its being exceeded. If 


error for which there is a 
probability of 
standard errors are used, a coefficient 
of unity should be substituted for the 
factor 0.6745 in this work. 
The statistical 


issociated with Cy, equals the error in 


probable error, €b, 


number of background counts divided 
by the counting time, 7’, 


Cy 
» = 0.6745 
€ V.O4 15 \ T) 
Che probable statistical error, €, asso- 
ciated with C in Eq. 3 is 


) 


——— Ge Cc; 
= 0.6745 \ a | 
7’, 1s 
CU. 


( é 2 Cy, 
aera) 7’; 


Differentiation 


The solution for 


T's 


with respect. to 
Zives 


iT's Ee 


| ae € 2 C, 12 
rs | ( saeas) 7 | 


which, when substituted into Eq. 


results in 
dT’ 6 
— l 


iT . a € 2 «'; 2 
| (sara) T\ | 


= 0) 


The solution for 7, is, then 


Crt VCC: 


€/0.6745)? 


(28288)'c (1 ' \ 52) 10 


To choose the proper sign in kq. 10 it 
is necessary to test both of the possible 
This 
is done by substitution into the second 


solutions for minimum condition. 


derivative of Iq. 1 with respect to ete 
which is best obtained from Eq. 9 
d?T’ 2C, 


Cy | Cy \0.6745 
11 


Substitution of Eq. 10 into Eq. 11 gives 
for the second derivative 
oo 
x 


(Om) (0 V8) 


LG eva) fer 


d?7’ 2 


aT? 0.6745\? ON nn 
() (+ NG) oe 
(13 


Since C, = Cy, +C, Cy is always 


than C,. 
radical in the denominator of Eq. 13 is 


smaller Consequently, the 
larger than unity, making the whole 
expression negative if the negative sign 


is chosen. If, however the positive 


sign is chosen, Eq. 13 is positive for 


all positive values of Cs, Cb, and € 
Thus the condition for minimum 7’ is 
expressed by Eq. 10 using the positive 


sign on the radical 


7 (0.6745\2_.. C. 
1 =( ; yo(it+ye) (14 


The quantity € is the absolute probable 
statistical error of the corrected count- 
ing rate. It would be more useful to 
have the expression in terms of E, the 
statistical error 


percentage probable 


which is written in the form 
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1.0 


10 1000 


C., (c/sec) 


FIG. 1. 


Fraction of counting time which should be spent on background for various 


background and sample-plus-background counting rates 


i LOE C = 1006/10 


Substituting this into Eq. 14 gives 


(" 5 af l Ae 
Ee) 


Equation 16 is an expression for the 
time that should be devoted to measur- 
ing background counting rate to mini- 
mize total counting time. Substituting 


15 and 16 into Iq 


(*! HVAC + VV Cb/Cs) I; 
k ) (". (,.)2 ‘ 


for the 


that should be used for the meas- 


loqs 7 vields 


equation 17 is an expression 
Time 
irement of the sample and background 
combined 

The fraction of counting time which 
devoted to measurement of 
background is the ratio of 7), to 7’, + 7. 
16 and 17, this ratio 


sho ild hye 


Substituting Ieqs 


s found to be 


l 
— (18 
1+vVC./Cp 


Many modern counting laboratories 


measure 


Vol. 9, No. 3 - September, 1951 


i sample until a preset number 


The 


which 


of counts has been accumulated. 


optimum numbers of counts 
should be 


total counting time are 


67. a) Cy? 
EB | 


iP iP 
67.45\2C.27(1 + V Cr/C,) 
E C Cy)? 


accumulated for minimum 


(20) 


where Vy is the number of background 
counts and \V, is the number of counts 
of sample and background combined 
for minimum total counting time. 
Equation 18 prepare 
Fig. | which shows the fraction of the 
total should be 
spent measuring the background as a 
function of Cy, the background counting 


was used to 


counting time which 


rate, and of C,, the counting rate of 


sample and background combined. 
Equations 19 and 20 were used to 

the best 

distribution of counting effort in terms 


prepare Fig. 2 which shows 


of number of counts, as a function of 
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sample-plus-background counts which 

should be accumulated for various count- 
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Total Counting Time, T 


Total counting time required to attain various statistical errors for various 


counting rates if optimum distribution is used 


Cy, and C, and for various probable 
statistical errors 

To illustrate the use of Fig. 2, con- 
sider a sample having a counting rate 
of 1.0 ¢/sec in the presence of a back- 
ground of 0.2 c/see. Find the value 
1.0 ¢/sec on the horizontal scale labeled 


“c,."" Move upward along the grid 
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lines until the 0.2 line of the set of 
curves labeled ‘‘N,”"’ isreached. Move 
horizontally until the vertical line 
dividing Fig. 2 into two parts is reached. 
Move down diagonally, parallel to the 
slanting grid lines, until the level of the 
desired probable error is reached as 


indicated on the right hand vertical 
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ile, sny | in this case. Move down 
to the horizontal scale labeled ‘‘number 
read Vy = 900, the 
optimum number of background counts 


The 


same procedure is followed for obtaining 


and 


ol counts 
for minimum total counting time. 


the optimum value of N,, except that 
in this case the set of curves labeled 

V, is used 

Figures | and 2 illustrate the obvious 
fact that where counting rates are large 
compared to the background rates, the 
latter be ignored except for spot 
checks 

For very weak samples the counting 
should be distributed 

equally background 
as evidenced by the con- 


may 


time approxi- 


mately between 
and sample, 
lines for 


vergence ol corresponding 


background and for sample at low 
values of C’, in Fig. 2 

useful in the 
intermediate range the best 


distribution of effort is not intuitively 


The graphs are most 


where 


apparent 
Total Counting Time 


It is often desirable to know just how 
low the statistical error can be made in 
a limited counting time. Having this 
information, one can quickly decide 
whether any particular measurement is 
feasible and can arrange the experiment 
to produce samples that have sufficient 
intensity. 

The total time required for counting 
both background and sample may be 
obtained by substituting Eqs. 16 and 
17 into Eq. 1 


(= yf ) an 
E VCO. —- VCo ‘ 


—2log E 
2 log (VC, — VCv) = (22) 


log T =2 log 67.45 


Equation 22 was used to prepare Fig. 
3 which shows the total counting time, 
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7, required to reduce the probable sta- 
tistical error to any desired value, £, 
for any background counting rate, Cp, 
and for any sample-plus-background 
counting rate, C,. Figure 3 applies 
only to the minimized total counting 
time that has been obtained with the 
aid of Fig. 1 or 2. 

Suppose that it is desired to know 
how long it will take to measure, with 
1° probable statistical error, the count- 
ing rate of a sample having approxi- 
mately 1 ¢/sec in the presence of a back- 
of approximately 0.2. c¢/sec. 
sec on the horizontal 
Move directly 


ground 
Find the value Il ¢ 
in Fig. 3 
up along the grid lines until the line 


scale ‘‘C,” 


corresponding to Cy, = 0.2 ¢/sec is en- 
countered. Move along 
the grid lines until the vertical line 


horizontally 


dividing Fig. 3 into two parts is en- 
countered. Move diagonally, 
parallel to the slanting grid lines, until 
the level of FE = 1% is reached. Read 
off the total required counting time, 4 
scale ‘‘7'.” 


indicate the 


down 


hours, on the horizontal 
The 
outlined. 

If four hours are not 
counting, one may decide to be content 
with a higher statistical error. For 
example, if a total of only 20 min is 
available for counting, then the prob- 
will be 3%, as 
Other al- 
ternatives are to prepare a more intense 

background 
abandon the 


dashed lines steps 


available for 


able statistical error 


shown by the dashed line. 
sample, to reduce the 
counting 
experiment. 

Figure 3 can be used to evaluate the 
advantage which might be obtained by 
reducing the background, If, for exam- 
ple, in the illustration above, the back- 
ground had been 1.0 of 0.2 
c/sec, C, have been approxi- 
mately 2.0 c/sec, and the required total 
counting time for 1% statistical error 
would have been approximately 8 in- 
stead of 4 hours for each measurement 
of the sample. —END 
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rate, or to 


instead 


would 








Detection of Scrapers in Pipe Lines 


Scraping devices stuck in underground pipe lines can be 
located with a G-M counter if radioactive sources are attached 


to them. 


Method will work with five feet of dirt over pipe 


By D. B. SCOTT 


Department of Physics, University of Alberta 
Edmonton, Alberta, Canada 


\ PIG OR GO-DEVIL that is stuck in a 
pipe line for oil or gas can be located by 
Both of these 

\ pig 
rubber 


the use of radioactivity. 
devices are essentially scrapers, 
pair of heavy 
washers mounted one behind the other 
The diameter of the 
washers is slightly larger than the inside 


consists of a 
on a spacer bar. 


of the pipe, thus assuring a tight fit. 
\ go-devil is a pig with two sets of 


spring-mounted spurs and a set of 
spring-mounted scraper vanes added. 


break up obstructions on the pipe wall; 


spurs ride against the pipe to 


the vanes are curved to fit the pipe. 

These scrapers are pushed through 
newly constructed pipe lines with com- 
pressed air to demonstrate that the line 
is completely free of obstructions such 
When an oil line is in 
through 
with the oil at regular intervals to re- 


4S weld icicles, 
operation, a scraper 1s sent 
move the wax that forms on the inside 
of the pipe. 

stuck. 
This occurs more often with newly laid, 


Sometimes the scrapers get 
unused pipe, and is more frequent with 
pipes. In the 

10 to 20 in. diam- 
a hold-up is uncommon because 
But a leak 


past the rubber washers may decrease 


smaller diameter case 
of the larger pipes 
eter 


of the large force involved. 


a small ob- 
Such 


the pressure enough that 
struction can stop the scraper. 
a leak can be caused by a longitudinal 
seam that depresses the rubbers. 
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Locating a stuck scraper to release it 
can be both time consuming and expen- 
sive. A study has been made of the 
possibility of dealing with this problem 
by means of a radioactive source at- 
tached to the The 
could then be located with a counter. 


scraper. scraper 


Preliminary Tests 
A Co®® source with a strength of 85 
obtained 
Council 


mg radium equivalent was 
from the National 


of Canada, Ottawa, Ontario, Canada. 


Research 


Rough experiments indicated that such 
a source, enclosed in a pipe, would be 
detectable under four feet of dirt if a 
portable counter with a 30 mg/cm? 
beta-gamma G-M_ tube used 
Tracerlab TGC-5). 

It was desirable to know the coeffi- 
dirt for the 
A figure 
was obtained by digging four post holes 


were 


cient of absorption of 


gamma radiation from Co®, 


four feet apart in normally compacted 
soll. The Geiger tube was placed in 
one hole and the source successively in 
each of the others, and counting rates 
When corrected for 
inverse square law, counter dead time 
background, the results gave a 
good straight line. The absorption 
coefficient was calculated as 0.16 per 
half-value thickness of 


were measured, 


and 


inch, giving a 
$4 in. This value would vary some- 
what for different soils, and it would 
vary a good deal for different degrees 


September, 1951 - NUCLEONICS 





of packing. It was clear that a vari- 
ation of a few inches in soil covering a 
pipe would greatly affect the possibility 
f detecting a scraper. 

For attaching the souree to the 
scraper, the following method was used. 
\n ordinary 2-in. pipe cap was brazed 
onto the back of the Into 
this was screwed an aluminum cylinder 
The 
placed in this cylinder, and the open end 
then 


scraper. 


with 44-in. walls. source was 


was closed with a second cap. 


The aluminum container and the steel 
pipe thick) to- 
the radiation to 70% of 


wall of a line (14-in. 


gether reduce 
that from the bare source. 
Pipe-l ine Tests 
\ test was arranged in cooperation 
with a pipe-line construction company 
operating in the Canadian province of 
Alberta 
eter and the 
The 


separate 


The pipe was 8 in. in diam- 
soil cover was 52 in. thick. 
was three 


scrape! stopped on 


occasions by removing the 


driving pressure. On each occasion 


it was successfully located. However, 
the counting rate directly over the 
source was only about twice background. 

Since this demonstration, the method 
used on several 


has been occasions, 


On one of these there were two pipe 
a 10 in. and a 3in., both 12,000 ft 
The 
It was necessary to locate the scraper 
10-in. and several 


times in the 3-in. pipe. In some spots 


lines, 


long. normal cover was 42 in. 


once in the pipe 
along the pipe line there was a back-fill 
feet level 
The scraper stopped in one 


ridge one to three above 
ground 
of these places on one occasion, and a 
complete search of the line failed to 
detect it until the ridge was moved by 
a bulldozer 

Where the back-fill 


the surrounding ground, 


level with 
the Geiger- 


was 


tube response was very pronounced. 
The count began to increase over back- 
feet from 
the spot where the source was finally 
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ground approximately four 


located, At the position of maximum 


response the count was many times 


background. 


Extension of Method 
Since the field 


were successful, the possibility of using 


tests of the method 
larger sources to extend the method to 
thicker soil investigated 
The half-value thickness of 
obtained for compacted clay. 


cover was 
1.4 in. was 
For the 
fill covering a pipe line the figure would 
this Nevertheless 
an increase of overburden of a few inches 


vary above value. 
may effectively hide the source if one 
is working close to the detection limit. 

For example, detection of an 85-mg- 
radium-equivalent source through 52 
in. of cover was successful, but it was 
The had 
to be held close to the ground and 
Where 


the cover was 60 in. no detectable re- 


on the borderline counter 


progress was necessarily slow. 


sponse was obtained. But with a fairly 
fairly rapid 


progress could be made since the peak 


uniform cover of 42 in. 
response at ground level was at least 
ten times background. 

To estimate the value of the method 
for greater depths of cover, the follow- 
ing approximations were made: 

1. Using a 30-mg/cm?-wall tube at 
ground level, ideal response is obtained 
with a source of 85 mg radium equiva- 
lent and a cover of 42 in. 

2. The half-value thickness for com- 
pact dirt is 4.4 in.; for loose dirt, 6.0 in. 
(These two figures probably provide 
lower and upper limits for the dirt in a 
pipe-line ditch. 

3. The source is held in an aluminum 
container }4-in. thick that is inside a 
3-in. steel pipe % in. thick. 
these 


Based on assumptions, the 


illustration on the next page shows the 


source 


strengths needed for various 


cover thicknesses. A curve is shown 
for each assumed half-value thickness. 
The 6.0-in. 


high for 


value is 
dirt 


probably too 


loose No experiments 
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Source strength required for detection 

at various cover distances, as plotted for 

two half-value thicknesses: A, 4.4 in.; 
B, 6.0 in. 


have been performed on this in this 
study. It is probable that curve B in 


the figure gives absolute minimum 
values in terms of the assumed ideal 
source strength at 42-in. cover. 

The strength 


necessary with 42-in. cover might be 


source assumed as 
reduced somewhat, thus reducing re- 
quired source strength for all thick- 
nesses of cover by the same factor, but 
this would reduce the speed at which 
the line could be surveyed. It appears 
that a source slightly greater than 1 gm 
radium equivalent would be needed for 
a 5-ft cover. The problem of personnel 
hazard would become important with a 
source of this size and might be the 
limiting factor. 

However, normal cover is 314 ft. 
At depths much in excess of this it is 
probably better to locate the source by 
elimination of the shallower 
then by 


places 
with the 
problems 


first and dealing 


deeper places iis special 
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Covers of & ft are sometimes encoun- 


tered, but only at road and river cross- 
ings. A back-fill ridge can, of course, 
be removed with a bulldozer. 

A G-M 


experiments. 


counter was used in these 
If a scintillation counter 
were used as the detecting element, the 
make it 


unnecessary to remove back-fill ridges 


increased sensitivity might 
in most circumstances, 


Safety of Personnel 


The major personnel hazard would 
Keach 


time, a stoppage occurs it Is necessary 


occur if the seraper stopped. 
to dig down to the pipe, thus exposing 
workmen to the radiation. It is not 
have a source sufficiently 
detected if at the same 


valuable to 
strong to be 
time it is too strong to allow men to 


work for a short time near the bare 
pipe. A study of the personnel hazard 
was therefore carried out. 

As of July, 1950, the recommended 
tolerances (1) for the absorption of 


gamma radiation from a source of 
energy less than 3 Mev are: 

For whole-body radiation : The maxi- 
mum permissible dose received by the 
surface of the body shall be 0.5 r per 
week. 
per week measured in free air. 

For partial exposure: The maximum 
permissible dose confined to a particular 
organ or tissue should not exceed the 
permissible dose for whole-body irradia- 


for hands and forearms. 


This rate corresponds to 0.3 r 


tion, except 
In this case the maximum permissible 
dose is 1.5 r per week at a depth corre- 
sponding to 7 This corre- 
sponds to approximately 0.9 r per week 


mg/em?. 


measured in free air. 

In the course of handling the source 
the hands and forearms will receive a 
larger dose than the rest of the body. 
If it is necessary to dig down to the pipe, 
the feet and legs will be more exposed. 
In either case one might feel safe in 
using the 0.9 r per week figure as the 
rate. Nevertheless, 


permissible dose 
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Value of S 
(from graph) 
(mg Ra equiv.) 


100 60 
1,000 6 
10,000 0 


Value of T 
(from equation) 
(min) 


Thickness of 
lead storage 
container (2) 


Weight of 
contatner 
(lb) 


20 
SO 
230 





to be on the safe side, the 0.3 r per week 
figure will be used. Assuming a 40-hr 
work week, this gives a maximum per- 
missible daily dose of 60 mr. 

It has been found that 1 mg radium 
equivalent of Co® produces approxi- 
mately 0.73 mr/hr at one meter (2). 
Using this figure with that for the daily 
permissible dose, one obtains the 
equation 

T = 7.6D2/S 
7 = time in hours to acquire 
the daily dose, D = distance from source 


in feet, and S = Co®°® source strength in 


W here 


mg radium equivalent. 

Using this equation in conjunction 
with values from the source strength 
vs cover thickness curve, three explora- 
tory problems have been worked out. 
In each case it has been assumed that: 
1) the hazard to 
occurs when the seraper stops and it 
becomes necessary to expose the pipe; 
2) the radiation intensity through the 
source holder and pipe is 70% of that 


major personnel 


from the bare source; (3) the minimum 
working distance from the source is 3 ft. 
The results of the computations are 


shown in the table on this page. 


The 42-in. real 
difficulty. The working time of 60 min 
is sufficient if there are several workmen 
shifts. The 20-lb 
storage container is easily carried. 

The 60-in. cover is a little more diffi- 
cult. Whether the method is feasible 
for this cover would depend chiefly on 


cover presents no 


who operate in 


the number of men available since the 
6-min working time per man is short. 
The 80-lb container, while unhandy, is 
not a serious limiting factor. 

The 72-in. would 
tremely difficult if not impossible prob- 
The half-minute working time 
The 230-lb 
container would be quite troublesome 
to move under field conditions. 

Thus, 
mended tolerances as well as detection 
sensitivity of a G-M counter and the 


cover pose ex- 
lems. 
per man is_ prohibitive. 


considering present recom- 


absorption of gamma radiation in soil, 
it would appear that the method will 
work for soil covers of less than 5 ft. 
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Thirty Years Ago 


“Leading men of science in Britain, the United States and even 
Russia are today all corresponding over the question of minute 
advances in their several laboratories on the structure and behavior 
of the atom. They believe that they are on the edge of discoveries 
that may largely, in the sequel, end the struggle for life-at least as 
far as light and power are concerned.” 


Lord Rutherford, as reported in the Daily Mail, ina 
lecture delivered in 1921 at the Royal Institution 
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An Automatic Low-Rate Alpha Counter 


* 


Designed for counting samples obtained with continuous dust 
recorders, this scintillation counter has an instrument back- 


ground of 0.107 cph and a geometry of almost 23%. 


The 


instrument can be converted for biological-sample counting; it 
then has a background of 0.39 cph and a geometry of 35.2“ 


By LEONARD BAURMASH and J. E. DIETRICH 


Dust and Fume 


Veasuy ing Section, Atomic Ene rgy Project, School of Medicine 


University of California at Los Angeles, West Los Angeles, California 


SAMPLES OF NORMAL atmospheric dust 
collected with a continuous recorder (/) 
ire necessarily of low alpha activity. 
To obtain a statistically reliable meas- 
irement of this activity in a convenient 
length of time, an alpha counter with a 
low background is desirable 

described a 
that 
That 
an average background of 


\ previous article (2) 


low-rate counter used a 


1P2) 


ment 


alpha 
photomultiplier. instru- 
had 
about 2 eph when used with an alumi- 
num shield which exposed it photosensi- 
tive area equal to only 'x in’. 

In the counter described here, the 
background is reduced and the counter 
is automatic when used with the sam- 


ple disk 


corder 


from a continuous dust re- 


After 


ing time has 


a predetermined count- 
elapsed, the count is 
recorded on a tape and a new area of 
the sample disk is placed in position 
The 


for counting samples in 


for seanning. counter can also 
tn adapted 
stainle teel counting cups. 

The complete unit is shown in Fig. 1. 
It has no sealing stages but feeds the 
pulses to a recording register capable 


The 


register has sufficient recovery time to 


of receiving 20 pulses per second. 


* This article is based on work performed 
nder contract AT-04-1-GEN-12 between the 
I = Atomic Energy Commission and the 

University of California at Los Angeles 
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accumulate the counts detected from 
the low-activity samples. 

\ cross section of the light-tight en- 
closure containing the photomultiplier, 
the sample holder is 

The photomultiplier 


is shielded by a brass tube which holds 


phosphor, and 
shown in Fig. 2. 


the aluminum shield and the phosphor 
screen at the correct distance from the 
photosensitive surface of the tube. 

The shield consists of a thin alumi- 
sheet 
expose 'y4 of the circular dust-collec- 
tor disk. 

The scintillating screen consists of a 


num with a section cut out to 


piece of transparent Scotch tape placed 
over the shield opening with the adhe- 
thin 
ZnS(Ag) 
surface. 


with a 
No. 1L1LOI 


adhesive 


sive side down and very 


laver of Patterson 
phosphor on the 
The sereen scintillates upon bombard- 


While type 
B ZnS-CdS was originally used, the 


ment by alpha particles. 


new silver-activated ZnS phosphor has 
been reported to have twice the light 
output (5). 

The sample holder consists of a cir- 
cular brass plate on which the sample 
disk is placed. 
by means of a solenoid and ratchet ar- 
The 


by an impulse from the cycle timer 


This plate is rotated 


rangement. solenoid is actuated 


which also controls the counting time. 


September, 1951 - NUCLEONICS 





When the counting cycle is completed, 
the brass plate is rotated 1o4 0f arevolu- 
tion to expose a new section of the dust 
deposit for counting. 


Electric Equipment 

\ block diagram of the components 

is given in Fig. 3. All signal circuits 
are well shielded from microphonic and 
and the B* 
signal amplifier is decoupled. 


to each 
All ca- 
pacitors and resistors in the high-volt- 
from 


electrical noise, 


age supply are well insulated 


ground. All coaxial fittings are of the 
low loss ty pe 

Photomultiplier tube and high-volt- 
age power supply. The RCA C-7151 
photomultiplier is mounted vertically 
over the sample disk in the scintillation 
head. A high-voltage resistor network 
for supplying the anode voltages is 
mounted directly on the tube base, and 
the signal coupling capacitor is con- 
nected directly to the anode pin on 
the tube base by means of as short a 
High voltage 
is supplied by means of a coaxial cable, 


connection as possible. 


and the signal is transmitted to the 
main chassis and amplifier chassis 
through another coaxial cable. 

The high-voltage supply is electron- 
ically regulated and is variable from 500 
to 1,500 volts by means of a potenti- 
ometer. A 3C24 transmitting tube is 
used as a series control tube, and a 6SJ7 
tube acts as the shunt tube. It is possi- 
ble to change the a-c supply from 85 to 
120 volts without an appreciable change 
in the output voltage. 

Signal amplifiers. 636 
grounded-grid amplifiers are used to 
amplify the pulse from the photomulti- 
plier tube. These 
fiers, which have been used successfully 


Two 


particular ampli- 


at this laboratory in practically the 
same manner, have given very good 
service. To reduce microphonic noise, 
the amplifiers are mounted on a separate 
chassis which in turn is mounted on the 


main chassis by means of rubber shock 
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FIG. 1. Complete unit, 
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FIG. 2. Cross section of photomultiplier 
and sample holder 


mounts. Since this chassis completel¥ 
shields the amplifiers, practically no 
electrical noise is induced in the ampli- 
fier circuits, and microphonic noise is 
practically eliminated. 

Pulse-forming circuit. 
consists of a one-shot multivibrator 
using an RCA 5964 tube. The out- 
put pulse of this circuit is of constant 
amplitude with a duration of about 
1g psec. The output signal was kept 
to a low level to eliminate any possible 
kickback to the amplifiers which could 
cause double pulsing. 

Pulse-shaper circuit. A6SN7 tube is 
used in another one-shot multivibrator 
circuit with time constants that will 
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This circuit 
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FIG. 3. 


develop a pulse of sufficient amplitude 
to trigger the count-register driver 
tube into operation and of sufficient 
length to keep it operating long enough 
to actuate the count-register relay in 
the Streeter Amet printer. The pulse- 
shaper output is a square wave of high 
amplitude of approximately 100-ysec 
duration. 

Count-register driver circuit. This 
circuit is a normal power-output stage 
with the count-register relay of the 
Streeter Amet printer in series with the 
B* to the plate of the 6AQ5 tube. The 
stage is biased well beyond cut-off by 
the —75 volt supply. 

Power supplies. The B* power sup- 
ply furnishes regulated 150 volts to the 
amplifiers, pulse forming circuits, and 
also to the cathode of the shunt tube in 
the high-voltage supply. A regulated 
—75 volt bias is obtained by means of a 
resistor from the center tap of the power 
transformer to ground. Regulation is 
by two OD3 and one OA3 tubes. 

Unregulated B* 
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is supplied to the 


Block diagram of electric circuits of low-rate counter 


count-register driver circuit. The regu- 
lated —75 volts is applied to the grid 
of the count-register driver tube. This 
prevents spurious signals from trigger- 
ing the circuit into operation. 

Timing circuits. 
consist of two time clocks. 


The timing circuits 
The first 
clock can be preset to operate for any 
length of time from 1 to 60 hours, and 
the second clock will operate for any 
increment of time between 1 and 20 sec- 
When 
the preset time has elapsed, the first 
clock triggers the second clock into 
operation. While the second clock is 
in operation, 110 volts a-c is applied to 
the sample-changing solenoid and to 
the relay which closes the print circuit. 

The time set on the second clock is 
sufficient for the Streeter Amet printer 
to stamp out the number of registered 
counts and reset to zero, and for the 
sample changing mechanism to place a 
new sample under the photomultiplier. 
When the time set on the second clock 
has elapsed, the hour clock, which has 
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onds, depending on the setting. 





reset itself, goes back into operation, 
and a new run begins 
Blanking circuits. 
that prevents 
registered 


\ blanking cir- 
any counts from 
the sample 
changing period, works in conjunction 
with, 
( locks. 


their contacts connected in series with 


cuit 

being during 
and is actuated by, the time 
It consists of two relays with 


the cathode circuit of the count-register 
driver tube. 
by the 


The first relay is operated 
clock 
activated until this clock goes back into 
The first relay applies 
current to the solenoid of the 
will 
vated for a fraction of a second longer 
than the first 


release is achieved by 


hour time and remains 
operation. 
direct 
which acti- 


second relay remain 


relay. This delay in 

means of a 
capacitor to ground from one side of 
This circuit was found 
because the large transient 


the solenoid. 
necessary 
pulses set up by the activation of the 
print circuit caused spurious counts. 

Print circuit. The print circuit is 
operated by means of a relay which is 
closed ba the action of the hour clock 
at the end of its preset cycle. 

Index circuit. 
mechanism consists of a solenoid and a 
ratchet. The 
while the second clock is in operation. 


The sample indexing 


solenoid is energized 


Performance 
The complete automatic counter has 
been in continuous use, 24 hours a day, 
for three no shut down 
time due to circuit failures. 


months with 


Preliminary runs on several C-7151 
photomultipliers using a Patterson type 
B ZnS-CdS phosphor gave very satis- 
factory plateaus of at least 100 volts 
with an operating voltage of 900 volts. 
With the No. 1101 
ZnS(Ag) phosphor, the operating volt- 
age was reduced to 800 volts. During 
the three-month period, the average 


new Patterson 


background for one tube was 0.107 eph 
with values ranging from 0 to 0.120 eph 
given eight-hour background 
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for any 


count. A second tube had a_ back- 
ground of 0.143 eph. 

To determine whether the instrument 
background followed the normal Pois- 
son distribution, 64 hourly counts were 
recorded by setting the cycle timer to 
The results showed 53 hours 
during which no counts were recorded, 
8 hours during which 1 count was re- 
corded, and 1 hour during which 2 


counts were recorded. 


one hour. 


A polonium standard was prepared 
by evaporating a thin film of polonium 
disk. This film 
covered an area equivalent to the open- 
ing in the front aluminum shield and 
was calculated to yield 189 disintegra- 


nitrate on a glass 


The average geome- 
try of the instrument during the three- 
+ 0.3%. 


tions per minute. 
month operating time was 22.5 


Counting of Standard Samples 
The very low background obtained 
with the automatic counter seemed to 
indicate that the circuit and tube could 


be adapted to counting regularly pre- 
To test this, 
a 1'9-in. diameter screen was prepared 
with 


pared biological samples. 


sulfide. 
A plateau check for this screen also 
yielded a_ 100-volt 
operating voltage of 800 volts. 


the silver-activated zine 


with an 

At this 
voltage setting, the geometry of the 
system was approximately 35.2%. 

A background check was made, and 
7 counts were recorded in 18 hours, or 
an average of 0.39eph. A 5819 photo- 
multiplier was tested with the same 
diameter This 
tube system gave a background of 2.01 
counts per hour, or roughly five times 
that of the C-7151 tube. 


plateau 


and type of screen, 
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A Low-Energy Gamma-Ray Source for 


Radiography and Thickness Measurement* 


By R. West 


Isotope Division, Atomic Energy Research Establishment 
Harwell, England 


Since the introduction of radioisotopes into the fields of radiography and 
thickness measurement, a serious gap has existed in the range of suitable 


sources of low-energy gamma rays. 


Many possible isotopes have been elim- 


inated because of short half-life, low yield, the unavoidable co-production of 





Characteristics of Tm!’ 
Half-life 127 days 
Radiations 
85 kev (10%) 
890 kev (10%) 
970 kev (90%) 


Gamma 
Beta 


Excitation cross section 
for target element 

lhermal-neutron absorp- 
tion for target element 0.46 cm?/gm 

Tm!°*(n,y) Tm!” 


105 barns 


Production process 
Isotopic abundance of 


Tm! 100% 








10 
5 











Activity (curies/gm) 











0.1! 





50 100 
Irradiation time (weeks) 
Theoretical build-up curve of Tm’? for 
flux of 8 x 10'' neutrons /cm’/sec (maxi- 
mum present Harwell pile flux for quan- 
\tity irradiations) 
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unwanted radiations, or other disad- 
vantages. 

As a low-energy gamma-ray source, 
thulium-170 has been found to possess 
a number of suitable 
which do not appear to be offset by dis- 
advantages. Details of this isotope are 
considered here in the light of some pre- 
liminary investigations. 

The data given in the table on this 
page have been reported with sufficient 


characteristics 


agreement for the purposes of this con- 
sideration. The theoretical irradiation 
build-up curve of Tm!?7° is given in the 
illustration. 

Source considerations. Thulium isa 
rare earth of the lanthanide series. The 
free element is not known to have been 
isolated. A very limited number of 
thulium compounds are available, of 
which Tm,0O; was chosen as most suit- 
able for tests. Two high grades of the 
oxide are available in the United King- 
dom: 99.9% purity at £233 per gram 
and 99.0% purity at £98 per gram. 
This very high cost of material is offset 
by virtually infinite source life with 

* From a paper presented at the Isotope Tech- 
niques Conference, Oxford, England, July, 1951, 


sponsored by the Atomic Energy Research 
Establishment, Harwell England. 
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The 


is being used for investigations, 


periodic re-irradiation in the pile. 
99.05 
ind is found to be essentially free of 
spurious radiations from impurities. 
For radiographic purposes, where the 
best possible source concentration is 


required, self-shielding of neutrons 
within the 
serious yield-reducing factor during pile 


To investi- 


source can possibly be a 


irradiation of the source. 
gate this, it is proposed to prepare 
sources in the form of small flat disks 
by pressing and sintering the oxide. 
The disks will be 


gether and separately, and the relative 


irradiated both to- 
vields determined. From this, a com- 
promise between source complication 
ind efficient activation may be decided. 

For thickness measurement purposes, 
source size requirements are not usually 
stringent, and a layer of the oxide pow- 
der may be attached to a flat dish and 
covered with a thin aluminum sheet. 
By this means quite strong sources may 
be prepared efficiently. 

An experimental radiograph. Using 
i crude source, an exposure was made 


of an aluminum alloy casting 1¢-in. 


thick. The 4 {mm source was made 
up of 90 mg of loose Tm,O,; powder in 
the base of a silica tube, as irradiated. 
The source strength was approximately 
140 me, effectively 14 me because only 
10% of the disintegrations produce 
gamma rays. 

The casting was exposed for 24 hours 
at a range of 7 in. on Ilford Industrial 
B film. The resulting picture shows 
porosity with good clarity. 

Considering the unfavorable combin- 
ation of distance and source size used 
for the trial, the results would appear to 
indicate a fairly sharp gamma spectrum, 
and promise a considerable improve- 
range or 


with source 


smaller source size. 


ment greater 


Longer exposures are now being 
carried out with the same source at a 
greater distance, and further experi- 
mental sources are being prepared. 

* * . 

The author is indebted to Mr. R. T. P. 
Derbyshire of the Diffraction Division of the 
Atomic Energy Research Establishment for 
making the experimental radiograph, and 
wishes to thank the Director of AERE for 
permission to publish this note. 





Filtration and Mounting Device for Ca** Measurement 
By B. B. Migicovsky and W. A. Evans 


Division of Chemistry, Science Service, Department of Agriculture 
Ottawa, Ontario, Canada 


A filtration device and mounting technique has been developed in this 


laboratory that is satisfactory for measuring Ca*® as the oxalate. 


The 


reproducibility is quite good, the coefficient of variability of duplicate meas- 


urements being 2%. 
less steel. 
Whatman; in the preparation of a 
sample, it is backed by No. 41H What- 
man. The diameter of the paper and 
celluloid (0.04 in. thick) disks is 28 mm. 
The diameter of paper covered by pre- 
cipitate is 20 mm, i.e., an area of 3.14 
em?, thus leaving a rim 4 mm wide for 
handling the disk. 
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The apparatus, shown in Figs. 1 and 2, is made of stain- 
The paper disk on which the precipitate is deposited is No. 50 


Procedure. The washed precipitate 
is deposited with the aid of suction. 
The suction is removed, the paper with 
precipitate lifted off, the celluloid disk 
placed on the platform, suction applied, 
and the paper disk sucked onto the sur- 
face of the celluloid. The edge of the 
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paper is moistened with acetone by 


means of a stirring rod or narrow 
This fastens the paper to the 


flat, rigid 


spatula 
celluloid 
preparation. 
After 
quantity of calcium oxalate on the disk 


and results in a 


the sample is counted, the 
is determined by washing the precipi- 
tate into a beaker with a 
water from a wash bottle. 


stream of 
The pad is 
lightly scraped with a spatula, washed 
with H.O and _ finally with 
6N H.SO, Calcium is determined by 
titrating with KMnO,. No 
ictivity has been observed on the pad. 


washed 


residual 


1. Assembled filtration unit 


Nuclear Reaction Technique 
Supplements Autoradiography 


Ordinary autoradiography fails with 
some elements because they have no 
suitable With a 
technique developed by Mats Hillert of 
Institute for Metal Re- 
search, Stockholm, Sweden, autoradio- 


radioisotopes. new 


the Swedish 


graphic techniques can be used with 


nonradioactive elements that can be 


made to react with external radiation 
in such a way that secondary radiation 
is produced. * 

The new technique is limited in that 
the photographic film used to record 
the secondary radiation must be insen- 
sitive to the primary radiation. At 
present, this dictates the use of neutrons 
In addition, 


the element to be detected must have a 


as the primary radiation. 


much higher probability of reacting 
with the primary radiation than have 
other elements that are present. 

The structure of a 98% iron, 2% 
boron alloy has been investigated as a 
test of the new technique. Boron has 


no radioisotopes suitable for auto- 


radiography, but a nuclear reaction 
radiograph was made by means of the 
reaction. A specimen of 


was ground, polished and 


B!°(n,a@)Li? 
the alloy 
etched, and a coat of collodion applied. 
Kodak autoradiographic emulsion was 
stripped from its backing and allowed 
to dry on the specimen. The sample 
was irradiated in a neutron beam from 
a cyclotron for 16 min. 


* Reported in Nature 168, 39 (1951) 


ay .~ 
Disassembled filtration unit 
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FIG. 2. 





With thermal neutrons, the reaction 
used has a cross section of 3,000 barns 
and produces a 1.5-Mev alpha particle. 
The film used is very sensitive to this 
radiation. 

Results that the method 
provides good resolution and repro- 
duces the position of the boron quite 


indicate 


accurately, as indicated by a compari- 
son of a photomicrograph of the etched 
metal surface and the film stripped 
from it. 


Studies Prove Transmission 
Electron Multiplier Feasible 


Results of preliminary work on the 
construction of a transmission-type 
electron multiplier tube show that a 
multistage tube could be built which 
would give a useful gain with a reason- 
able over-all accelerating voltage. The 
studies were carried out by Donald R. 
Cone at the University of California Ra- 


diation Laboratory, Berkeley, California. 


In a transmission multiplier, the 
initial electrons are accelerated and 
focused onto the face of a thin foil with 
sufficient energy to penetrate the foil 
and produce secondaries on the far side. 
These secondaries in turn are acceler- 
ated to an adjacent foil where the 
process is repeated. 

Such a tube would have a number of 
advantages over the conventional elec- 
tron multiplier: A higher frequency 
response could be achieved; the tube 
could be used in a magnetic field; a 
coaxial output could be provided; and 
the tube would be nonphotosensitive. 
But the studies showed that the thin 
foils that are the heart of the device are 
extremely fragile, and, with present 
foils, 3 to 10 kv per stage are necessary 
to achieve high gains. 

The electron gun from a cathode ray 
tube was used in the preliminary series 
of experiments. Aspecial chamber was 
constructed so that the gun could be 
kept when work was 
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under vacuum 


being done on the foils under test. In 
practice, the electron gun would be re- 
placed by a photocathode or other 
electron source. 

For the first test, a beryllium foil 
about 10 yin. thick was used, and a 
secondary-to-primary ratio of 1.7 was 
achieved for 4.6-kv incident electrons. 
Further conducted with 
formvar films about 4 win. thick, with a 
thin layer of beryllium evaporated on 
the emergence side. With these foiis, 
ratios of 2.5 were achieved with 3- to 


tests were 


8-kv incident electrons. In both cases 
the secondary-to-primary ratio was 
increasing with electron energy, so 


these figures do not indicate a limit. 


TECHNICAL BRIEFS 


>Film badge made of cardboard and 
film has been developed for the Lebanon 
Township Civil Defense Council (N. J.) 
by Herbert R. Isenburger of St. John 
X-Ray Laboratory, Califon, N. J. 


These monitors will cost less than two 





cents apiece. 


>Coloration of lead-silicate glass caused 
by gamma radiation has been found to 
fade in specimens of high-density view- 
tested by R. H. 
Kernohan and G. M. McCammon at 
Oak Ridge National Laboratory. The 
coloration interferes with viewing. Its 
fading is accelerated by exposure to 
incandescent light. 


>Tell-tale clip for converting Polaroid- 
Land cameras to emergency radiation 
detectors has been made available by 
Polaroid Corp. Clip is permanently 
installed by owner; unit provides indi- 
cation of whether dosage falls in 0-1, 
1-10, 10-30, or over-30-roentgen range. 


ing-window glass 


>Synchrocyclotron constructed by 
Philips Industries at the Institute for 
Nuclear Research, Amsterdam, the 
Netherlands, has been producing 28- 
Mev deuterons. A beam current of 
20 ua has been achieved. 
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EUROPEANS CONSIDER UNESCO PLAN FOR NUCLEAR PHYSICS LAB 


By Ross Hazeltine 
McGraw-Hill World News 


Paris 
of their American colleagues. 


European scientists sometimes feel as if they are the poor relatives 
They often lack both funds and modern equip- 


ment for advanced research and are dependent on the hospitality of American 


institutions, 
is a basic reason for the enthusiasm here 
about a new project proposed by the 
United Nations 
and Cultural Organization—the 


Economic, Scientific, 
con- 
struction of a European Regional Lab- 
oratory for Nuclear Physics. 

The project is yet hardly more than 
a gleam in its sponsors’ eyes. But 
scientists of eight nations—Great Brit- 
France, Italy, Switzerland, Bel- 
gium, the Netherlands, Sweden 
met in UNESCO 
Paris last May for the first joint plan- 
ning talks. And _ scientific 
tions of three nations—France, Italy, 
Belgium—contributed a total of 
$15,000 for preliminary planning. 

What UNESCO 
House decided they wanted was pretty 
much a copy of the Berkeley bevatron. 
\ circular accelerator as big as any in 
the world, they decided, offered broad 


“in, 
and 
Norway House in 
organiza- 


and 


the physicists at 


possibilities for research without raising 
any of the political difficulties that 
would attend construction of a nuclear 
reactor. They recommended that the 
laboratory be built around a machine 
capable of accelerating heavy particles 
up to at least 3 Bev and possibly up to 
6 Bev. They estimated the project 
completely equipped would cost about 
$25,000,000 and take about five years 
to build. 

The scientists practically agreed that 


the laboratory should be built 
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near 


This has been especially true in the field of nuclear physics and 


Geneva, Switzerland, where there is an 
ample supply of cheap electric power 
skilled multilingual technicians. 
Some of them expressed the hope that 
the area surrounding the laboratory 


and 


could be declared international territory 
to facilitate the movement of men and 
The UNESCO House meet- 
ing also discussed the possibilities of 
building a betatron or a Van de Graaff 
in addition to the accelerator but left 
the final decisions both on the location 


materials. 


of the laboratory and on what smaller 
should include for later 
planning talks. 

So far the idea has been just to ac- 
cumulate enough information to sell 


machines it 


European governments on contributing 
funds for the construction and operation 
of the laboratory. UNESCO is spon- 
soring the initial planning but will step 
out of the picture once construction gets 
underway. The laboratory is to be 
owned and operated jointly by the 
governments that pay for it. 


To Ask Pledges of $200,000 


The idea of a joint research institu- 
tion for nuclear physics will be put 
before representatives of European 
governments for the first time at a con- 
ference to be called by UNESCO in 
UNESCO will lay before 
the conference definite proposals for the 
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November. 





organization and financing of the lab- 
oratory and will ask the governments 
$200,000 for the detailed 
planning of the project. 


to pledge 


The proposals call for a board com- 
representatives of all the 
that the 
project to exercise top administrative 
control over the construction and later 
the laboratory. Under 
the supervision of this board, the lab- 
would be run by a staff of 
approximately 300, including 25 per- 
manent staff scientists and 50 visiting 


posed of 


governments contribute to 


operation of 


oratory 


scientists. It is estimated that annual 


operating costs will amount to about 
$1,000,000. 


Accelerator Design Plans 


If the governments agree to put up 
the work of designing the 
laboratory and planning the equipment 
could year. Dr. 
Kdouard Regenstreif, a French physi- 
UNESCO 
staff, will head the design office. He 
has been in close touch with American 
physicists at Berkeley and Brookhaven 
and plans to leave for the United States 
after the 
first-hand 


the money, 


begin early next 


cist and engineer on the 


November conference for a 
study of the two 


installations. 


U. 3B. 

Dr. Regenstreif will probably stick 
pretty close to the designs employed at 
Berkeley Brookhaven. But he 
has two new ideas to explore: 

First, he 
possibility of building a copper, instead 
He believes copper 


and 
intends to investigate the 


ot an iron, magnet. 


construction, if it proves to be practical, 
of a much 
power 
costs 


construction 
of equal 
building 


allow 


installation 


would 
smaller 
and would reduce 
considerably. 
Second, he will look into the possi- 
bility of coupling a small accelerator of 
about 500 Mev with the cosmotron so 
that particles would pass first through 
enter the 


The 


accelerator and 


the small 


at a high initial speed. 


large r one 
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small accelerator could be built in a 
year and used to train technicians until 
the cosmotron is completed. 

European scientists would like the 
laboratory to have something unique 
about it. 

And it would certainly be a triumph 
if the European laboratory could de- 
velop some entirely new technique 
perhaps even draw a few American 
scientists to Europe for study or re- 
search in nuclear physics. 


Psychological Factor Noted 


The report of the UNESCO House 
meeting in May emphasized the “ psy- 
chological” value of the European 
laboratory. ‘‘The danger of normal 
international interchange of scientists 
growing into a flow from 
Europe to America has become a matter 
of serious concern to a number of Euro- 
pean scientific institutions,” it said. 

The scientists at the UNESCO House 
meeting included some of Europe’s top 
nuclear physicists—H. Alfven of the 
Swedish Atomic Energy Commission, 
Kk. Amaldi of the Italian National Re- 
search Council, E. Capron of the Bel- 
gian Interuniversity Institute of Nu- 
clear Physics, O. Dahl of the Norwegian 
Institute for Atomic Energy, F. K. 
Goward of the British Atomic Energy 
Research Establishment at Harwell, 
F. A. Heyn of the Netherlands Organ- 
ization for Fundamental Research on 
Matter, Francis Perrin and L. Kowarski 
of the French Atomic Energy Commis- 
and P. Preiswerk of the 
Atomic Commission. 

‘““The importance for European scien- 
tists to have access to a powerful 
modern cosmotron could hardly be 
overestimated,’’ they said in their re- 
port. ‘‘Research workers from differ- 
ent countries work together, 
using the same apparatus, helping each 
other with their problems. The bonds 
thus would grow into a 
permanent collaboration between scien- 
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one-way 


sion Swiss 


would 


established 





tific institutions and industries of the 
participating countries.” 
The idea of building a 
Laboratory for Nuclear Physics origin- 
Isidor I. 


European 


ally came from an American 
tabi, professor of physics at Columbia 
He made the 
at Florence, Italy, last year during 
UNESCO's Fifth General 
which he attended as a member of the 
United States delegation. 

The success of the venture finally 


University suggestion 


Conference 


will depend on the governments of the 
European nations. Each country will 
have to make a substantial financial 
contribution in relation to its resources 

ranging, perhaps, from something 
like $1,000,000 a year for France to 
around $100,000 a year for Norway—in 
each of the five vears construction is in 
progress. If only a few nations decide 
to participate, their contributions would 
have to be increased. 

But Prof. Rabi’s European colleagues 
have welcomed his idea and are backing 
the project enthusiastically. Clearly, 
they are convinced that such a pooling 
of financial, scientific and industrial re- 
that 


will 


sources is the way to assure 
urope’s technical development 
keep pace in this era of swift but costly 


scientific achievement. 


ABBOTT LABS OPENS OAK RIDGE 
BRANCH TO PROCESS ISOTOPES 


Abbott North Chi- 
cago, Ill., has leased property in Oak 
tidge, Tenn., from the Atomic Energy 
Commission where it will set up facili- 


Laboratories of 


ties to process radioactive isotopes on a 
commercial basis. The drug firm will 
establish its Oak Ridge branch across 
the street from the Oak Ridge Hospital. 
' Remodeling of the building and instal- 
lation of specialized equipment is al- 
ready under way, and Abbott plans to 
shortly. The firm 
has been processing radioisotopes for 


begin operation 


medical diagnosis and therapy at North 


82 


Chicago since 1946, using isotopes 
flown from the Oak Ridge nuclear re- 
actor, and supplying radioactive phar- 
maceuticals to qualified hospitals and 
eancer clinics (NU, Nov. ’50, pp. 4-5). 

The move will facilitate more rapid 
delivery of short-lived isotopes to the 


ultimate user, because, under the new 


setup, the time previously needed for 


flying isotope shipments from the Oak 
Ridge reactor to North Chicago can be 
discounted from the process. Irradi- 
ated gold, with a 2.7-day half-life, for 
instance, is meeting increased interest 
for the treatment of inoperable peri- 
toneal and pleural tumors, and demands 
for it were a major factor in Abbott’s 
decision to seek an Oak Ridge location. 

To insure continuity with other Ab- 
bott operations, actual handling of 
orders will still be done in North 
Chicago, with the majority of shipments 
being made from Oak Ridge. 


AEC HANFORD OFFICE 
REPORTS ON CONTRACTS 

The recently released midyear report 
of the Hanford Operations Office of the 
Atomic Energy commission in Richland, 
Wash., shows that research contracts 
with a total commitment of $1,172,342 
are now in effect between universities 
and colleges of the Pacific Northwest 
and the AEC, A total of 38 research 
projects are in progress. 

The University of Washington has 
eleven contracts worth $764,364; the 
State College of Washington, eight, 
$80,988; Oregon State College, six, 
$80,695; Reed College, five, $103,873; 
University of Oregon Medical School, 
four, $69,811, University of Oregon, 
two, $46,582; University of Wyom- 
ing, one, $13,500; and the University of 
Idaho, one, $12,528. 

The University of Washington is in- 
volved in a 60-inch-cyelotron program, 
and a 37-inch cyclotron is under con- 
struction at Oregon State College. 
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Cal Tech's 1-Bev 
synchroton 
shown here is 
nearing the end 
of preliminary 
construction, 
Phase Zero, and 
in tests has oper- 
ated at 1 Mev. 
| During Phase 
Zero, 
being made to 
solve mechanical 


and 


tests are 


electrical 





erator ever made in this country. 
surrounded by an iron magnet. 


arrives, engineers will partially dismantle the magnet and install new coils. 


gaining experience at half-capacity operation, the Cal Tech physicists and engineers 
will develop new equipment and make modifications for final assembly, Phase Two 


problems before assembling the synchrotron in final form. 
will begin with Phase One, expected next winter. 
campus at Pasadena, Calif., and financed by the Atomic Energy Commission at 
| a cost of $1,250,000, the synchrotron will be the most powerful electron accel- 

It has a 36-foot vacuum chamber, which is 
As soon as necessary power-supply equipment 


Experimental work 
Erected on the Institute's 


After 








REACTOR SCHOOL EXPANDS 
EDUCATIONAL RELATIONS PLAN 
The Oak Ridge National Laboratory 
has expanded its program of educational 
include a 
Oak 


School of Reactor Technology 


relations and training to 


cooperative setup between the 
Ridge 
and various educational institutions 
interested in introducing nuclear engi- 
neering into their curricula. 

Under the program there are a limited 
number of places provided in the School 
where university faculty members on 
leave can come and spend part of their 
time in the reactor research carried out 
at ORNL and the remaining time as a 
member of the ORSORT faculty. 

The most addition to the 


ORSORT faculty under this arrange- 


recent 


ment is John R. Agnew, on leave from 
Purdue University. As a member of 
the 1951-52 faculty, he 


teach at the 


session will 


School and 


rest of his time to 
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devote the 
research in the 


ORNL Reactor ixperimental Engineer- 
ing Division. 

Reginald J. Stephenson, of Wooster 
College is another professor to join the 
under this 
came to the Laboratory a 
T. R. Cuykendall, who has since re- 
spent 


faculty arrangement. He 


year ago. 


turned to his 
six months at the School on leave from 


university post, 
Cornell University in connection with 
this phase of the program. 


IRE PLANS CONFERENCE 
ON NUCLEAR SCIENCE 


A conference of the 
Group on Nuclear Science of the Insti- 
tute of Radio with the 
cooperation of the Energy 
Brook- 


Professional 


engineers, 

Atomic 
held at 
Laboratory, Upton, 
3-4. Urner 
the nuclear physics 
Naval 


Commission, will be 
haven National 
N. 2. of 
Liddel, 


branch, 


December 
head of 


Office of Research, is 
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chairman of the program committee. 
The program has not yet been com- 
pleted, but it is planned to have it ready 
for distribution in the near future. 
Che first day of the conference will be 
given over to a discussion of AEC prob- 
I ms, and the second day Ww ill be de- 
voted to the engineers’ replies to the 


problems 


G.E. REORGANIZES 
HANFORD DEPARTMENTS 

The General Electric Company re- 
cently announced that the organization 
G.E 
tonium-producing 


within which operates the plu- 
Hanford Works in 
tichland will in the future be known as 
the Nucleonics The an- 


with 


Division. 
nouncement came concurrently 
the adoption of new, standard company 
nomenclature and the formation of five 
staff departments and four line depart- 
ments within the division. 

One of the renamed staff departments 
is the Radiological Sciences Depart- 


Herbert M. Parker is 
It was formerly known as the 


ment, of which 
director. 


Health Instrument division. 


NPA DELEGATION AMENDED, 

AEC AUTHORITY EXTENDED 
The Atomic Energy 

authority to apply DO ratings to orders 


Commission’s 


for materials needed to meet authorized 
programs for which AEC is the claimant 
igency was extended recently by the 
National Production Authority to in- 
clude the allot controlled 
materials and to redelegate this right to 


right to 


other federal agencies engaged in AEC 
projects 

NPA amended Delegation 2, which 
authorizes AEC to apply priority rat- 
ings to its orders and to assign this 
power to others engaged in AEC proj- 
The ARC's 
activities as a claimant agency in line 
Control Ma- 
terials Plan as administered by NPA. 
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ects amendment brings 


with provisions of the 


IN BRIEF. 


> Tracerlab, sn... of Boston, Mass, has 
submitted a proposal to the AEC to 





investigate the feasibility of operating 
privately owned radioisotope produc- 
tion and large-scale processing facilities. 
The study is expected to get under way 
shortly. 


> Forestry resources of the 202,000 acres 
that comprise the Savannah River plant 
area of the AEC in South Carolina are 
under study by the U. S. 

AEC 


Department 


wants to 


of Agriculture. The 


find out how it can best use, protect, and 


manage the forests. Of the total acreage, 


about 67% is woods. 


>An aquatic biology lab is planned for 
Hanford 
Construc- 


construction at the 
Works in Richland, Wash. 
tion estimated at 
mately $375,000. 


ea rly 


costs are approxi- 


>The Fourth Annual Conference on 
Electronic Instrumentation in Nucleonics 
and Medicine, sponsored by the A merican 
Institute of Electrical Engineers, is being 
planned for January 7-8. It will be held 
in New York. The planning committee 
is headed by J. D. Tebo of Bell Labora- 
tories, Inc., with S. Reid Warren, Jr., of 
the University of Pennsylvania’s Moore 
School of Electrical Engineering, as chair- 


man of the program committee. 


NUCLEAR NEWSMAKERS___— 


Edward U. Condon has resigned his post 
as director of the National Bureau of 
Standards to head the research activi- 
ties of the Corning Glass Works, Corn- 
ing, N. Y. His resignation becomes 
effective September 30. 


Maj. Gen. Thomas F. Farrell, deputy 
Defense Produc- 
tion (Administration, has been appointed 


administrator of the 


assistant general manager for manufac- 
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he Atomic Energy Commis- 
(seneral 


Farrell is on military 


nent tothe AEC from the Army 


Harold A. Thomas has been advanced 


of chief of the nucleonic 
n of the National 


and 


on sect 
; 


of Stancarcs’ 


intion Phy 


Atomic 


sics Division. 


G. W. Fox is serving 
lassachusetts Institute of Technology 
hforthe U.S. Air Force. He 


is on leave of absence from his position 


as a consultant at 
on researe 


is division chief of physics of the Insti- 
tute for Atomic Research at Iowa State 


Colle ge. 


Donald H. Loughridge has been ap- 
pointed assistant director of the AEC’s 
Reactor 


Division of Development. 


Formerly scientific adviser to the 


Secretary of Army, Dr. Loughridge will 
he chiefly coneerned with formulating 
and effecting policies for coordination of 
technical Argonne 


National Laboratory, Chicago, and the 


programs at the 


Knolls Atomic Power Laboratory, Sche- 
He will also coordinate the 
operation of the Oak 


nec tady 
tidge School of 
Reactor Tec hnology. 


Paul C. Tompkins has been appointed 
acting seientife director of the U. 8. 
Naval Radiological Defense Laboratory 
William H. Sullivan 
resigned recently to take up new work at 


Oak 


to replace who 
Ridge National Laboratory. Dr. 
Tompkins takes on the assignment in 
addition to his 


duties as associate 


smentine director 


Lauriston S. Taylor, who has served as 
issistant chief of the Atomic and Radia- 
Physics National 


of Standards, has been named 


Division of the 


Division and coordinator 


> 
> 
chief ot the 


of Atomic Energy Commission projects 
it NBs. 


Joseph B. Platt, who served as chief 
of the physics branch of the AEC’s 
1949, will 
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Division of Research since 


this month rejoin the staff of the Uni- 
versity of Rochester. He will head up 
the undergraduate physics program at 
the Men's College, in addition to carry- 
ing on nuclear research 


MEETINGS 


International Conference on Nuclear Physics 
and Fundamental Particles—University of 
Chicago, Chicago, Ill., Sept. 17-20 





Conference on Administration of Research— 
University of Michigan, Ann Arbor, Mich., 
Sept. 24-26 

Colloquium on Sensitive Emulsions and Their 
Physical and Physical-Chemical Properties 
(sponsored by University of Paris, Faculté 
des Sciences de Paris, and the Centre Na- 
tional de la Recherche Scientifique)—Paris, 
France, Sept. 24-29 

American Roentgen Ray Society—Shoreham 
Hotel, Washington, D. C., Sept. 25-28 

American Society of Mechanical Engineers, 
Fall Meeting—Hotel Radisson, Minneapolis, 
Minn., Sept. 25-28 

Fourth Conference on Gaseous Electronics 
(sponsored by APS Division of Electron 
Physics)—Schenectady, N. Y., Oct. 4-6 

American Physical Society (New York State 
Section)—Rochester, N. Y., Oct. 5-6 

39th National Safety Congress & Exposition, 
National Safety Council—Chicago, IIl., Oct. 
8-12 


World Metallurgical Congress (sponsored by 
American Society for Metals)—Detroit, 
Mich., Oct. 14-19 

me 

American Society for Metals, National Metal 
Congress and Exposition—Fair Grounds, 
Detroit, Mich., Oct. 15-19 

Conference on Building Problems in Connection 
with Utilization of Nuclear Energy (arranged 
by American Institute of Architects, spon- 
sored by AEC and NRC)-—National Re- 
search Council, Washington, D. C., Oct. 
22-23 

National Electronics 
Ill., Oct. 22-24 


Conference—Chicago, 


American Institute of Physics in joint meeting 
with Founding Societies of the Institute 
(American Physical Society; Optical Society 
of America; Acoustical Society of America; 
Society of Rheology; American Association of 
Physics Teachers: also American Crystallo- 
graphic Association) —Hotel Sherman, Chi 
cago, Ill., Oct. 23-27 


American Physical Society in joint meeting 
with American Institute of Physics—Chicago, 
Ill., Oct. 25-27 


Institute of Mathematical 
ington, D. C., Oct. 26-27 


Statistics— Wash- 


American Mathematical Society— Washington, 
D. C., Oct. 27 

















PRODUCTS and MATERIALS 








A SHIELDED LABORATORY FOR RADIOACTIVITY STUDIES 


The recently completed ‘sotope laboratory in the Biology Department of 
Brookhaven National Laboratory has been specially designed and constructed 
to provide shielded working and storage spaces. Four hoods have been in- 
stalled in which plants can grow under carefully controlled light and tempera- 
ture conditions while being exposed to a radioactive source inside. 

The hood shown above is 3.5 ft deep 
and 8 ft long. The subsurface top is 
3-in. steel plate to shield workers’ legs 
and feet. The exposed sides are lami- 
nated with a 2-in. lead and two 14-in. 
steel plates. A lead and steel door 
opens directly into the storage cave for 
transfer of radioactive materials. 

The storage cave shown at left, 
situated between two of the hoods, con- 
sists of six steel doors, each 3 in. thick, 
behind which radioisotopes are stored. 
The doors move on heavy ball bearing 
strap hinges; the joining edges are 
stepped. The top shelf is 4 in. of solid 
steel. In this top are eight solid steel 
plugs, each 4 in. thick and 9 in. square, 
which cover pipes that extend into the 
ground about 20 ft for storage of high- 


September, 1951 - NUCLEONICS 





activity materials. The space sur- 
rounding these pipes and the walls of 
the storage space is filled with solid, 
dense concrete. Air, hot and cold 
water, and gas services can be operated 
from the storage area. 

Lead-lined cabinets, 12 ft long, 8 ft 
high, and 18 in. deep, are also provided 
for storage of radioactive materials. 

Design and fabrication of the labora- 
tory was by Bar-Ray Products, Inc., 
209 25th St., Brooklyn, N. Y. 








WATER-COOLED COUNTERS 

N. Wood Counter Laboratory,6646 Har- 
per Ave., Chicago 37, Ill. Thetype HG 
neutron counter is filled with BF; en- 
riched with B'*. It is enclosed in a 
water-cooled jacket so that it may be 
used at high temperatures. The type 
HD self-quenching gamma counter uses 
the same water-cooled construction. 
Two types of jackets are available, one 
requiring plastic tubing and the other 
copper or plastic tubing. 


RADIOACTIVITY SLIDE RULE 


J. L. Herson, 3000 Connecticut Ave., 
N. W., Washington 8, D.C. With this 
slide rule, present activity can be found 
if the half life and the activity at some 


previous time are known. A set of 
scales is also provided for finding the 
activity at some previous time if the 
half life and present activity are known. 
With knowledge of the activity at two 
times, the half life can be found. A set 
of conventional multiplication scales is 


also provided. 
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ELECTROMETER 


Keithley Instruments, 1507 Warrens- 
ville Center Rd., Cleveland 21,0. The 
model 200 vacuum-tube electrometer 
has an accuracy of 1 % at full-scale read- 
ing; accuracy of low-scale readings is 
held to within 5% of reading, accord- 
ing to the manufacturer. This self- 
contained d-c voltmeter has an ex- 
tremely high input impedance; in 
conjunction with a known resistance it 
is capable of measuring currents as low 
as 10~'4 amperes. 


POWER SUPPLY 


Universal Electronics Co., 2012 So. 
Sepulveda Bivd., Los Angeles 25, Cal. 
The model 100A combines three power 
supplies in a single cabinet. The B 
supply is continuously variable in the 
range 0-325 volts, d-c, and delivers 
0-200 ma. Variation is said to be less 
than 0.2 volts from no load to full load, 
or for line fluctuations from 105 to 125 


87 


RIA RMAs Pn oe. 


Be See a 


RAH: 








Either positive or negative con- 
The bias supply 


volts 
nection may be made. 
gives a maximum of 2 ma in the range 
0-150 volts. Hum voltage is said to be 
within 2 mv, rms, for any voltage or 
load within ratings. Two independent 
a-c outputs are provided to give either 
12.6 volts at 3 amperes or 6.3 volts at 6 


amperes, Internal impedance is less 


than 1 ohm, d-c, and less than 0.2 ohm 
from 20 cycles, to 50 kilocycles. 


DEACTIVATOR FILTER 


Atomic Associates, Inc., Land Title 
Blidg., Philadelphia 10, Pa. The model 
B deactivator is a combined filter and 
ion exchanger for removal of such iso- 
topes as I!, Na**, and P*? from solu- 
tions. It is claimed that the device will 
treat as much as 500 gallons of solution 
before being used up; unused capacity 
ean be seen by direct view. 


PLASTIC COATING 


Plastic Cement and Chemical Co., 340 
E. 27th St., New York 16, N. Y. This 
thermosetting resin, called Fenolic 101, 
cures at room temperatures. It is said 
to be extremely resistant to high tem- 
peratures, acids, and abrasion. It can 
be applied by any of the usual methods 


to any uncoated wood or composition 


surface. 


TIME-INTERVAL METER 


Berkeley Scientific Co., Sixth and Nevin 
Aves., Richmond, Cal. The model 510 
is a direct-reading instrument that 
measures the elapsed time between any 
two events in the range from 10 ysec to 
l sec. The stop and start channels can 
be triggered by signals having a mini- 
mum peak voltage of 1 volt, positive or 
negative, and a rate of rise of not less 
than 1,000 volts/msec. A _ sensitivity 
control is provided for selection of mini- 
mum amplitude of the input pulses. 
Accuracy of the instrument is said to be 
+10 usec; short-term stability is 1 part 
in 10°. An accessory socket provides 2 
amperes at 6.3 volts, a-c, and +300 
regulated. Modifications 
are available for measurement of the 
duration of a single pulse, for extending 
the range of the instrument to as much 
as 10° sec, and for using the instrument 


volts, d-ec, 


as a straightforward counter at rates up 
to 10° events per second. 


LITERATURE AVAILABLE. 


Air Filters. Catalog illustrates 
gives data on electric air filters. T'rion, 
Inc., 1000 Island Ave., McKees Rocks, 
Pa. 


Blast 


shows 


and 


brochure 
this 
350 


Illustrated 
and accessories of 
cleaner. Vacu-Blast Co., 
Peninsular Ave., San Mateo, Cal. 


Cleaner. 
uses 


Inc., 


Apparatus. Bulletins describe line of 


radioactivity detection and measure- 
ment equipment. The Radiac Co., 489 


Fifth Ave, New York 17, N. Y. 


Counter Tubes. Catalog 51T describes 
and gives data on counter tubes and 
Anton Electron- 
1226 Flushing 


accessories available. 
ics Laboratories, Inc., 


Ave., Brooklyn 6, N.Y. 
September, 1951 - NUCLEONICS 











‘ 
a 


NOW .... your laboratory may be 
completely aseptic and free from the 
hazards of technical contamination 
and cross-contamination. Here is the 
practical, efficient, simplified, and in- 
expensive method of contamination 
control by confinement developed at 
the Radiation Laboratory of the Uni- 
versity of California by Nelson B. 
Garden, our chief consultant. 


BERKELEY TYPE GLOVED 
BOXES and CONTROLLED ATMOS- 
PHERE BOXES are complete, self- 
contained miniature laboratories for 
micro and standard laboratory re- 
search. No additional furniture or 
costly heating and ventilating sys- 





m4 


An Achievement in Laboratory Asepsis... 


tems are required for research with 
RADIOISOTOPES such as: SODIUM 
24, SULPHUR 35, STRONTIUM 89, 
IRON 59, PHOSPHORUS 35, IODINE 
131, CARBON 14, and ALPHA EMIT- 
TERS in quantities from tracer 
amounts to 100 millicuries, and larger 
amounts in special boxes. 


Flexible assemblies from standard 
and special components are available 
for your individual laboratory de- 
mands. FREE CONSULTATION 
SERVICE available on all problems 
of contamination control and con- 
trolled atmosphere experimentation. 


For further information write for 
Bulletin H-4, 


SCIENTIFIC SERVICE, INC. 


1417 SOLANO AVENUE 


Laboratory Furniture—Radioactive Waste Disposal Systems—Shielding 


ALBANY, CALIFORNIA 














The Times We Live In 


(Editorial continued from page 3) 





as research in the physical sciences, control of radiation hazards, and biological 
and medical research have been covered. 
These program reports have always been extremely interesting in pro- 


The 


viding an over-all picture. 


task of compiling and correlating the infor- 


mation from the far-flung AEC laboratories has no doubt been a difficult one. 
AEC’s information division is to be complimented on a job well done. 
The one major subject which has not been touched on in more than 


cursory fashion is the reactor development program. 
promised in the fifth semiannual report. 
what can and should be said have held it back. 
interesting of the semiannual reports. 

in the tenth report is the description of AEC’s 


2. The second ‘sign of our times”’ 


A report on this was 
However, differences of opinion on 
This could be one of the most 


change in philosophy in supporting unclassified basic research. 
This change relates basic research more directly to the needs of the pro- 


AEC 
investigated and cleared. 
AEC 


gram. is doing this by 


working through scientists who have been 
The Commission informs them ‘ 
laboratories and encourages them to use this knowledge, and their 


‘of research work 


access to secret material, as guidance in selecting areas for their own research 
and in giving direction to other unclassified work in their institutions.” 


This is a basic and necessary change in policy. 
results of basic research. 


see how such direction affects the 


It will be interesting to 
—J.D.L. 





Random Notes (Continued from page 3) 





The lead 
raphy is an example of the speed with 
which C. S. 
This came to us via our contact at Har- 
well, England. He said the 


proposed in the note had been described 


item on gamma-ray radiog- 


items can be 


published. 
method 


at the Oxford isotope lechnique conference 
in mid-July. He 
spread interest and that he felt it warranted 
publication. We looked at 
wilh him. And 


five weeks of receipt of it, we have it out 


said it aroused wide- 


Lrriie diate 
it and agreed within 


in print in this issue. In some cases 
we can publish within four weeks. 

The second item, a Ca® measurement 
us as a result of a visit 
Ottawa laboratory of the 
They hadn't thought of publish- 
ing it because we had published something 
However, the device 


was actually different and they found it 
90 


device, came to 
made to the 
fl ithors 


similar pre viously. 


useful. 
they submit it to us. 


On this basis, we requested that 


The note on the new autoradiography 
Nature, the 
learned re- 


technique appeared in 


British 


ce nily, 


publication. We 
as the 
ship survey, that few of our readers read 
Therefore, we felt it 
worthwhile to give a brief description of 


indirect result of a reader- 
Nature regularly. 


the technique. 

We took the last item on the transmis- 
University of 
report. It looked 
interesting to us obtained the 
author’s O.K. to run a brief summary of 


multiplier from a 


sion 
( ‘aliforn ia technical 


and we 


his lengthy report. 
And that’s this month’s C. S. depart- 


ment. 


We are expending considerable 
in; however, the 


effort to bring tlems 
success of the section depends on readers’ 
contributions to it. J.D. 
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SELECTIVE a, 8, AND y COUNTING ¢ 2 * GEOMETRY ¢ NO 

WINDOW ABSORPTION © AUTOMATIC PREFLUSH ¢ NO 

"TUBE AGING" « NEGLIGIBLE COINCIDENCE LOSS ¢ COUNT- 

ING RATE LIMITED ONLY BY SCALER © NO SPURIOUS 

PULSES « LOW BACKGROUND ¢ ADAPTABLE TO GEIGER 
AS WELL AS PROPORTIONAL COUNTING 


The Tracerlab Windowless Flow Counter and Pulse Amplifier together constitute one of 
the simplest, fastest, and most reliable proportional counters for use with commercial scalers 
The Windowless Flow Counter may also be used separately for high efficiency Geiger count- 


ing of weak beta emitters or very low specific activity radioisotopes 


The absence of spurious pulses and negligible coincidence loss even at very high count- 
ing rates, which are inherent advantages of counting in the proportional region, combine 
with the absence of window absorption, the highly reliable pulse amplification, and the 
low background of this counter to make this unit one of the most useful in the field of 
radioactivity measurement 


For complete details request bulletin N - 29 





_— 
£ 


‘ jj aan 
Y/ b /_-—— BERKELEY, CAL. - WASHINGTON, D. C. 
Tracer a E_— mew vore, wr. = cmcaco, we 
130 HIGH ST., BOSTON, MASS.. f- 
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For 
LABORATORY 
PERFECTION 


Cables and Connectors 


Amphenol cables and connectors, 
the finest obtainable, undergo re- 
peated, rigorous laboratory and 
field tests — your guarantee of un- 
failing channels for precious energy 
flow . . . long leakage paths and 
extremely low loss insure accu- 
rate readings and measurements 
vital to safety and exacting labora- 


tory measurements. 


AMERICAN PHENOLIC CORPORATION 
1830 So. 54th Ave., Chicago 50, Ill 





BOOKS 











BOOKS RECEIVED 


Labelled Atoms, by Raymond Glas- 
cock, Interscience Publishers, Ine., New 





York (No. 18 in Sigma Introduction to 
Sigma Books, Ltd., 


London), 1951, 227 pages, $1.25. This 


Science Series; 


is an elementary treatment of the sub- 
ject of radioactive tracers and some of 
the instruments used in their connec- 
tion. Suitable for high-school science 
majors, college freshmen and sopho- 
mores, and others seeking an insight 
into this science, the text is well illus- 
trated with simple sketches, autoradio- 
graphs, and the like. The references 
given at the end of each chapter are, in 
general, to early literature. In addi- 
tion to chapters on tracers in medicine, 
biology, agriculture, and botany, the 
author also touches on the preparation 


and properties of tracer isotopes. 


A Concise History of Astronomy, by 
Peter Doig, Philosophical Library, New 
York, 1951, xi + 320 pages, $4.75. <A 
book for the general reader, giving the 
main events and notes on the chief 
work of individual astronomers, written 
by the editor of the Journal of the 
British Astronomical Association, with 
a foreword by Sir Harold Spencer 


Jones, Astronomer Royal. 


OTHER LITERATURE. 


Major Activities in the Atomic Energy 
Programs, January-June, 1951. This 
is the GPO reprint of the Atomic 
Energy Commission’s Tenth Semi- 
annual Report (151 pages) submitted 
to Congress in July, 1951. Available 





from Superintendent of Documents, U.S. 
Govt. Printing Office, Washington 25, 
D. C., $0.35. 
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For Your Nuclear Laboratory 


BASIC SCALER Model 100 was designed for the 
express purpose of providing an easy-to-operate 
scaling circuit of the finest quality at minimum 
cost, and in such form that additional facilities 
could be added from time to time to meet the 
increasing requirements of the user. In one com- 
pact unit this instrument combines a direct read- 
ing electronic scale of 100, mechanical register 
for extended range and a regulated high voltage power supply. An accessory 
socket permits full use of such auxiliary equipment as automatic clock, predeter- 
mined timers, extended range unit for predetermined count, loud speaker, count 
rate meter and count rate computer. Dimensions: 141/2” x 99/4" x 1094”. Wt. 18 lbs. 


UTILITY SCALER Model 110 includes all of the 
features of the Model 100 plus additional facilities 
which make it a universal laboratory instrument for 
nuclear work. The power supply can, by simple ad- 
justment, be made to provide either positive or neg- 
ative high voltage, thus making it suitable for use 
with either Greiger Muller or Scintillation detectors. 
A built-in preset-count mechanism provides scaling 
factors of 100, 200 and 400 and automatic predetermined counts of 1000, 2000, 
4000, 10,000 and 20,000. Accessory plug and convenience outlet at the rear 
chassis of the Scaler which provide for unit, counting rate computer, preampli- 
fier and other auxiliary devices. Dimensions: 141/.” x 934,” x 1034". Weight: 18 lbs. 





LABORATORY MONITOR Model 1800 is a general purpose count 
rate meter with provision for visual and aural indication. Panel 
switch permits selection of five different meter ranges (300 cpm., 
900 cpm., 3000 cpm., 30,000 cpm.) Meter is self zeroing and 
does not require calibration. A single control is provided for 
“On-Off” and volume control of aural section. Monitor is sup- 
plied complete with GM tube and probe. Dimensions: 6!/2” x 
ae 6Y,”" x 101/4.”. Weight: 8 pounds. 
ar = 
COUNTING RATE METER Model 1810, is a complete 
genera! purpose laboratory instrument, with provision 
for panel switch selection of 10 different counting rate 
ranges and 8 different response half-time factors. For 
each position of the “Range” switch both range in 
counts per minute and the deviation in counts per min- 
ute may be read directly on the instrument panel. For 
each position of the “Response /2-time”’ switch both 
response half-time in seconds and the deviation multiplier for that particular 
response time may be read directly on the instrument panel. Thus it is possible 
to select absolute optimum operating conditions for any given circumstance. A 
zero meter check and a 7200 count per minute calibration are also provided. Unit 
includes regulated high voltage and low voltage supplies. Dimensions: 14/2” x 
95," x 105/,". Weight: 20 pounds. 











For data sheets and prices, please write Dep't. N 


& HATIOSSs SIXTH & NEVIN AVENUE + RICHMOND, CALIFORNIA 
ORGANIZATION 
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Instruments for Nuclear Research by Technical Associates 


JUNO SURVEY METER 


Models SRJ-1 and HRJ-1 


Measures alpha, beta, and gamma radiation. 


3 sensitivity ranges. 


Portable, lightweight, battery-operated. 


Meets A.E.C. specifications. 


The Juno Survey Meter measures the intensity of, and distinguishes 


between alpho, beta, and gomma radiation 
nel from over-exposure to radioactivity and X-rays 


scole) 
scale) 


TECHNICAL 


Its use protects person- 
Two models ore 
available: SRJ-1 for stondard range (50, 500, and 5000 MR/ HR full 
HRJ-1 for high range (250, 2500, and 25,000 MR/HR full 
For complete details, write for Bulletin No. 125. 


ASSOCIATES 


Pioneer Manufacturers of Radiation Instruments 


3730 San Fernando Rd. - Glendale 4, Calif. 








Geiger Counter Tubes 
Counting Circuits 
Radiation Detectors 
Pulse Generators 
Linear Amplifiers 
Lead Shields 


An Extrapolation Chamber: Construction and Use (Continued from page 43) 





ind lead collecting electrodes was less. 
Usefulness. 
primary usefulness of the variable pres- 


In our experience, the 
sure chamber is for measurements in 
vhich it is desirable, or necessary, to 
control the pressure or composition of 
the gas in the chamber. 

In making dose-rate measurements, 
the pressure chamber permits working 
vith a gas of controlled purity, permits 
the use of lower intensities of radiation, 
ind minimizes difficulties due to dust 


ind lint between the electrodes, On 


the other hand, the pressure chamber is 
less convenient because of the poor ac- 
cessibility of the interior. 

In some cases, caution must be exer- 
cised to prevent contamination of the 
chamber and vacuum system, since a 
source deposited on a thin holder may 
be agitated and removed during the 
first part of the pumping process. 

By unbolting the pressure chamber, 
it can be detached, and the extrapola- 
tion chamber used in the conventional 


manner. 
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NEW LOW - TEMPERATURE FILLING 


G-M COUNTER TUBES 


AVERAGE 
CHARACTERISTICS 





DIMENSIONS IN MILLIMETRES 


Type |Description 


Maximum 
Outside 
Diamete 


| re 


X-ray Dif 
me 160 25 | 100 1100 200 
Younter | 


Immer sx 0 

ener 142) 18 | 60/1100) 220 
Counter 

Immersior 

or General 

day 202 1100 220 
Counter | | 

Powder or 

Liquid | 190 1100) 220 | 0.06 
Counter | | 
Px yw der Df 


“= gE 1100 220 0.05, 22 


Counter 


Gamma | 319 1100, 220 | 0.05} 80 


amunter 
| 











WITH MATCHED 


CORONA STABILISER 


VOLTAGE REGULATOR 


The use of matched Corona Stabil- 
isers provides ideal counting con- 
ditions and ensures longer life to any 
Geiger counter tube. 


NUCLEONIC & RADIOLOGICAL DEVELOPMENTS LTD. 


77 KING'S ROAD, LONDON, S.W.3) ENGLAND 


7Jaxman 2060 & 3199 Cables: “enaRpe” LONDON Grams: “ENARDE™ TELEX LONDON 
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for this midget vacuum pump! 





14%" x 1034" x 13%" — that’s all the room you need for Features 


? , Free air displacement — 

midget vacuum pump has a free air displacement of 2 cu. ft. 2 cu. ft. per min. 

Absolute pressures down 
to 0.1 micron or better. 

better. For laboratory or production work — for backing diffu- Small size 

: : . Small motor — V4 h.p. 

sion pumps — for on-the-spot repair, service, or test work, you Light weight — pump, 31 


can't beat Model CVM 3153. Fill in and mail coupon for — complete unit, 70 
complete details and price. KINNEY MANUFACTURING COM. Rugged construction 


F A Quiet operation 
PANY, Boston 30, Mass. Representatives in New York, Chicago, Easy maintenance 


the new Kinney Model CVM 3153. In spite of its small size, this 


per min. and produces low absolute pressures of 0.1 micron or 


No oil vapors 
; ; ; Mechanical shaft seal 
San Francisco, Seattle, and foreign countries. High pumping speed 


Cleveland, Philadelphia, Los Angeles, Houston, New Orleans, 











Kinney Manufacturing Co., 

3614 Washington St., Boston 30, Mass. 
Gentlemen: 
Please send me Bulletin V51-A describing the new Kinney CVM 3153 
Midget Vacuum Pump and price information. 


Name Company 
Address 


City State 


Se ee eee nee ee ee ee oe 


. 
Se ee ee ee ee ee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 
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COMPARE ALL FOUR 
THEN BUY RCL 


The Nucleometer — Scaler type is critically compared 
below with similar type instruments made by three 
other manufacturers. Radiation Counter Laboratories, 
Inc. was the first commercial laboratory to count 
beta particles in the proportional region (1947) with 
the Nucleometer. Since then, as the advantages of 
the proportional region have become better known, 
several companies have followed the lead of RCL. 
The Nucleometer — Scaler type with Pre-Flush Flow 
Counter (developed in 1948) is the finest in counting 
equipment. Look below for the reasons and order 
today. 


QUALITY COMPARISON CHART—NUCLEOMETER—SCALER TYPE MARK 9 MODEL 4 


Company Company Company Company 
A RCL 8 Cc 1) 








No No No 
Yes! Yes! Yes! 
3. Yes! Yes! Yes! 
. Count gammas rays Yes! Yes! Yes! 
. Count alpha particles Yes! Yes! Yes! 
Facilities for neutron counting (60 cm. BF3) No2 No? No? 
Facilities for G-M mica window counting s Yes Yes Yes 
Facilities for flow counter { Yes Yes Yes 
for methane No No No 
for argon — methane Yes Yes Yes 
for helium — isobutane Yes Yes Yes 
Facilities for scintillation counting Yes Yes Yes 
“Panel-mounted” gas line control valves, connec- 
tions, bubbler, etc 
Cabinet with Hammertone finish, for easy decon- 
tamination 
Copper-plated cabinet 
Stainless steel hardware used throughout 
Built in register 
Built in timer 
Preset count 
Preset time 
Scaling factor adjusiable...., 
Scaling factor of 512 or greater 
4%” High voltage meter 
High voltage range of 400 to 5,000 volts regulated. . 
Four stage, direct-coupled amplifier for high voltage 
regulation 
Special circuit for correction of “Nonlinearity” in 
high voltage circuit 
Independent cathode follower stage for oscilloscope 
connections 
Electrostatic shielded transformers 
500 uwamp meter, + 1% accuracy used in high 
voltage circuit 





| with attachment. 2 requires 3,000 — 4,000 volts. 3on request. 


RADIATION COUNTER LABORATORIES, INC. 
1844 WEST 21st STREET CHICAGO 8, ILLINOIS 
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STATE 
PHYSICS 


— Superconductivity 
— Resistance minima in metals at low tempera- 
tures 
— Second-sound in liquid Helium Il 
— Thermal conductivity and specific heat of 
solids 
— Phase changes of the second order 
. are a few of the studies utilizing the ADL 
Collins Helium Cryostat. A complete installation 
providing 4 liters of liquid helium per hour and 
capable of maintaining test chamber tempera- 
ture from ambient to — 271°C. 





— Magnetic susceptibility of metals and alloys 
— Paramagnetic resonance experiments 
=~ Magnetic properties of many materials 
= Solidification and crystallization studies 

. are examples of work aided by the ADL 
Electromagnet. Variable air gap, interchange- 
able pole pieces (up to 11” in diameter) and 
fields of over 40,000 gauss with only 20 KW 
power input, add up to ao remarkably versatile 
electromagnet for a wide variety of research 
projects. 

Write for Bulletin NM-1, ADL Electromagnet 


ond 
Bulletin NC-1, Collins Helium Cryostat 


ARTHUR D. LITTLE, INC. 


MECHANICAL DIVISION 


—. 


30 MEMORIAL DRIVE. CAMBRIDGE, MASS. 


RESEARCH . TECHNICAL ECONOMICS . ENGINEERING . ADVANCED EQUIPMENT 
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mechatronics 
ee ee 


POWER SUPPLY 


RANGE SERVO 





° 
We call it Mechatronics © 
as a symbol i Jelaest-laZehil-eatelaleuits 
Inc.) technique for thé multiple dnd 
Till-tasalelalel-te]-, MUTT MOLARS Kelate lel ae. 
Vitel itelslol ih Mmm oleld Selel-to MEET -1a Zo 
lorolesl lela! -lehe Me lemme 2elal-loME-1(-laigelall< 
elite Mt -taigeMul-tealelliael eS Att tur 
mechatronics fulfills the urgent 
need tor 


® Spatial Adaptability 


*® Instant Maintainability : A typical Servomechonisms, inc, amembly 
. vung mechotrona pockaged tunchom 


SERVOTILOCIOUNISMS 


Ft. Louderdale, Florido — El Segundo, Calit POST AND STEWART AVES, WESTBURY, N 
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® Training Simplicity 
® Ease of Assembly 





Super Precision Reticle 
INTRODUCES THE NEW 


PRECISION 
INSTRUMENT 
DIVISION 


eo) im fal = 
TT ES) 
TESTING COMPANY 


Under the supervision of Mr. Gordon E. Elliott, 
British Scientist and foremost expert in the high 
resolution photography field, this new laboratory 
already makes available a 
SUPER PRECISION RETICLE 

This reticle, produced through ultra-microscopic 
grain, light-sensitive emulsions, with lines as 
fine as 1 micron in thickness and with spacing 
between lines as close as 5 microns, is the most 


accurate ever produced 


First i he new line, it will be follc wed sho tly 

by a SUPE ECISIO LINE 2 
SUPER PREC! ON NEAR MEA if 

Ae t URING 


Your needs for special or standard reticles may 
be easily solved through high resolution photog- 
raphy. The United States Testing Company will 
welcome the opportunity of consulting with you 
at the earliest possible moment on your par- 
t — Problems Write for our illustrated 


UNITED STATES 
TESTING COMPANY, INC. 


Established 1880 
4 1460 Park Avenue, Hoboken, N. J. 
HILADELPHIA - BOSTON - PROVID 
CHICAGO NEW YORK - DENVER 
MEMPHIS LOS ANGELES 
Member of American Council of Commercial Laboratories 























TIME AND NUMBERS 


RECORDING 
TIMERS 
COUNTERS 


Specially designed to fit your 
needs. 
Write for new 


illustrated cir- 
cular S C 24. 





SCALES WEiGHTt RECORDERS: HI SPEEDO COUNTERS 


STREETER - AMET COMPANY 


4101 N. RAVENSWOOD AVE CHICAGO 13. ILL 





HOW TO REMOVE 
RADIOACTIVE 
SUBSTANCES FROM 
EXPOSED SURFACES... 





BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 





HOW DOES 


Mheticonies- 


AFFECT NUCLEAR RESEARCH? 


An accurately stabilized power source is prere- 
quisite to veracious results in nuclear research. It follows 
that the first step in any work of painstaking accuracy 
should be to make sure that input voltage supplied to equip- 
ment is held precisely. This is true whether the voltage 
application is for instrumentation, measurement, control, 
or as a laboratory power supply. 


Hence the relationship of isotronics to nuclear research. 
For isotronics is Sorensen & Company's name for their field of 
specialization — the electronic regulation and stabilization of volt- 
age, current, power, and frequency. 


Sorensen’s concentration in a single direction — 
isotronics — has resulted in the development and produc- 
tion of a standard line of regulating units that may well 
be of great interest to you. Among these are: AC Voltage 
Regulators in capacities to LSKVA and accurate to 0.1°; 
Nobatrons (low-voltage, high-current DC power sources) 
with voltages ranging from 6 to 200 VDC, currents to 350 
amperes, regulation accuracy 0.2°; Nobatron-Rangers, 
similar to Nobatrons but with output voltages continuously 
adjustable over a wide range with regulation accuracies .to 
0.25%; B-Nobatrons (high-voltage, low-current DC power 
sources) with output voltages to LOOOVDC, currents to 500 
Ma, and regulation accuracies to 0.5‘. 





Completed development work promises — for the im- 
mediate future —isotronic frequency stabilized power sources 
with stability in the order of 0.01%. 


YOUR REQUEST FOR FURTHER INFORMATION WILL RECEIVE 
IMMEDIATE ATTENTION. 


MO CENSEN 


Sorensen & Company, Inc. «© 375 Fairfield Ave., Stamford, Conn. 
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SOLAN G 
engineer!” 


You'll say that with pride. Men who can 
meet Boeing engineering standards share 
the prestige of leadership. They are doing 
vitally important work in a challenging 
field. Boeing’s Engineering Division has 
been growing steadily for 35 years. It 
offers extraordinary career opportunities 
today for: 
Experienced and junior aeronautical, 
mechanical, electrical, electronics, civil, 
acoustical and weights engineers for design 
and research; servo-mechanism designers 
and analysts; and physicists and 
mathematicians with advanced degrees. 
Here, at Boeing, you'll find stability and 
opportunity. You'll face the challenge of 
working on such vital programs as the 
B-47 and B-52 jet bombers, guided mis- 
siles and other revolutionary develop- 
ments. Openings are available at both 
Seattle and Wichita. Your choice of loca- 
tion Pacific Northwest or the Midwest. 
You'll enjoy good salaries that grow with 
you, and Boeing provides a moving and 
travel expense allowance. Yes, you'll be 
proud to say, “l'm a Boeing engineer!” 


Write today to address below or use coupon 


poe eee ree 


JOHN C. SANDERS, statt Engineer—Personne! 
DEPT Q-9 


Boeing Airplane Company, Seattle 14, Wash. 


Engineering opportunities at Boeing interest 
me. Please send me further information 


Nome 
Address 


City and Stote 
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MICA WINDOWS 


Custom made, of top quality hand-split 
Ruby mica. Guaranteed weights and uni- 
form thickness. For samples or quotations 


OHIO MICA FILM CO. 


3483 W. 91 St. Cleveland 2, O 











September, 1951 - NUCLEONICS 





SEARCHLIGHT 
hy Jog gle], | 


(Classitred Advertisiag 
EMPLOYMENT , BUSINESS 
EQUIPMENT — USED or RESALE 


OPPORTUNITIES 


NUCLEAR ENGINEERS— 


Positions are available in 
THE ATOMIC ENERGY 


RESEARCH & DEVELOPMENT 
FIELD 


with the 


CALIFORNIA RESEARCH & 
DEVELOPMENT (CO. 


IN SUNNY CALIFORNIA 
e e@e 
Positions Are Also Open For 


PHYSICISTS with mathematical, solid 
state nuclear, and electrical 
proficiency 

CHEMICAL ENGINEERS with process 
design, process development, 
and process equipment develop- 
ment experience 

MECHANICAL ENGINEERS with de- 
sign, stress analysis, heat trans- 
fer, and fluid mechanics 

ELECTRICAL ENGINEERS who have 
worked in power design, RF 
power, and instruments 

METALLURGISTS with experience in 
development 

ee @ 

Unusual opportunities 
Comprehensive employee benefits 
program 
ee 


WRITE 


CALIFORNIA RESEARCH & 
DEVELOPMENT CO. 


200 Bush Street 
San Francisco 4, California 
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RESEARCH - DEVELOPMENT - 0 BiiielS 
VITRO CORPORATICL) 

OF AMERIGE) 
233 BROADWAY NEW YORK 7, N.Y. 


HERE'S HELP 


for technical and 
business men 





NEW 1951 


Catalogue of 


McGRAW-HILL BOOKS 
Describes over 2000 books 


This catalogue contains clear, concise descriptions 
of more than 2,000 books written by leaders of 
business, industry and research. Get your copy 
now. In it you will find an up-to-date listing 
of books that give the facts—experience—data 
you need in solving your particular problems 
MAIL THIS COUPON FOR YOUR FREE COPY 
Readers Service Department 
McGraw-Hill Book Co., 330 W. 42nd St., N.Y. 
Send me a free copy of the New 1951 Catalogue 
of McGraw-Hill Books. I want to know more 
about (Name subjects of most interest to you. ) 


Name 
Address 








“ADVANCES IN ELECTRONICS 
Edited by L. Marton, National Bureau of Standards, Washington, D. C. 


Science writes: “‘In a field as rapidly developing as electronic 
devices, it is extremely important to have an up-to-date 
review, particularly of work which has been done abroad. 
Dr. Marton and the publishers have rendered a great service 
by making available . . . Advances in Electronics.” 


Vol. IIT, 1951, xii, 357 pp., illustrated, $7.50 


F. Asuwortn, Field Emission Microscopy 

R. KR. Wannecke, P. R. Guenann, M. Cuopornow anv E. L. Ginzron, Velocity Modu 
lated Tubes 

L. Baitrourn, Electronic Theory of the Plane Magnetron 

L. Brittourn anno F. Biocna, Electronic Theory of the Cylindrical Magnetron 

Joun E. Warre, Tube Miniaturization 

Gustave Ss#apino, Subminiaturization Techniques 

H. F. Mayen, Principles of Pulse Code Modulation 

E. A. Guittemin, A Summary of Modern Methods of Network Synthesis 

Meyer Letrer ano Wittiam F. Scurnemen, Communication Theory 

Author Index, Subject Index 


PREVIOUSLY PUBLISHED: 


Vol. I, 1948, xii, 475 pp., illustrated, $9.00 
Vol, II, 1950, x, 378 pp., illustrated, $7.60 


Special folder available on request 


ACADEMIC PRESS INC., Publishers, New York 10, N. Y.—=- 


Now Being Edited .. . 
for early publication in NUCLEONICS 


INSTRUMENTATION AND CONTROL OF REACTORS 
by J. D. Trimmer and W. H. Jordan 
Physics Department, University of Tennessee; and 
Physics Division, Oak Ridge National Laboratory 


RELATIVE SENSITIVITIES OF WINDOWLESS AND 
END-WINDOW COUNTERS 
. by Walter L. Graf, C. L. Comar, and Ira B, Whitney 
University of Tennessee—U. 8. AEC Agricultural Research 
Program, Oak Ridge, Tennessee 


A_ NEW HIGH-RESOLUTION SYSTEM OF 
AUTORADIOGRAPHY 


. . by Henry J. Gomberg 


Departments of Electrical Engineering and Roentgenology, 
University of Michigan, Ann Arbor, Michigan 


DEUTERON ACTIVATION AND AUTORADIOGRAPHY AS 
COUPLED TECHNIQUES 
. by K. Laing, R. Jones, D. Embiser, J. Fitzgerald and 
G. Bachman 
Glass Division, Research Laboratories, Pittsburgh Plate 
Glass Company, Creighton, Pennsylvania 
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. - « Keleket Leads the Way 


4 Hi-Range Dosimeters 


® MODEL K-141 5r fullscale MODEL K-161 50r_ full- 


® MODEL K-15] 10r full- scale 


scale MODEL K-171 100r full- 
scale 


Keleket continues to lead the way, the first manu- 
facturer to make any of these high range dosim- 
eters—long required by those concerned with a 
need for a Personnel or Area Monitoring Device. 
With these eflicient new dosimeters the observer 
can check, at any time, the total amount of X- 
or gamma radiation to which the instrument has 
been exposed. These dosimeters can be charged by 
the Keleket Model K-135 or similar units. 


SPECIFICATIONS 
RADIATION TYPE Primarily HERMETIC SEAL: The dosim- 


Jesigned f use with X or eters are hermetically sealed 

jamma vys n the energy against humidity, atmospheric 
nge between 3 KEV and pressure changes and water 
MEV mmersion 


CALIBRATION ACCURACY: Plus OPERATING TEMPERATURE 
‘ minus 5% of full scale RANGE: from 50° to +50°C 
Each nstrument s calibrated 
with Nationa! Bureau of Stand 
ards certified radiation sources 


FINISH: The barrel and eye 
pieces are of anodized alumi 
num and resistant to corro 
SCALE TYPE: Linear sion 





The New KELEKET DOSIMETER Mode! K-111 
for radiation protection of personnel 
The K-111 affords a constant check on the 
accumulated amount of X- or gamma radia- 
tion exposure at any time. 
Full scale sensitivity is 200 milliroentgens. 
Dosimeter is only 3-§” long, conveniently 
clipped in the pocket. 











I r Nua lear Instrume nts, De pe nd M the Be f 


THE KELLEY-KOETT INSTRUMENT COMPANY 
936-9 York Street Cincinnati 14, Ohio 


Leading Manufacturer of Instruments for the Atomic Age 





Radioactive Chemicals 


NUCLEAR radioactive chemicals, now avail- 
able to A. E. C.— authorized users, represent 
another step toward the NUCLEAR aim of 
complete service in nucleonics for science and 
industry. As the only commercial producer of 
biosynthetically labeled compounds, NUCLEAR 
is prepared to fill the needs of those experi- 
menting or contemplating work in this vast 
new research field. 


BIOSYNTHESIZED C'* LABELED COMPOUNDS 
NOW AVAILABLE FROM STOCK 


Glucose * Sucrose * Fructose * Starch 


Charateristics: 

Chemically pure 

Uniformly labeled with C' 

Specific activity: Normally, 0.5 micro- 
curies/ milligram 

(Higher specific activities by special 
request ) 


Nuclear is also making chemically synthe- 
sized compounds such as carboxyl labeled 
Sodium Acetate—other special compounds 
to be announced. Write to NUCLEAR for 
details on radioactive compounds. 


Complete service 
for both new and 
established labora- 
tories—help on iso- 
tope procurement, 
authorizations, lab- 
oratory layout, and 


equipment facilities. nuclear instRuMENT & CHEMICAL CORPORATION 


235 West Erie Street, Chicago 10, Ill. « Cable Address: Arlab, N.Y. 


@ Scaling Units for Every Type of Radiation Counting ®@ Complete 

“Packaged” Counting Systems © Health Monitoring Instruments for 

Personnel Protection © Glass Wall, Mica Window, and Windowless 

Counters © Portable Count Rate Meters ® Radioactive Chemicals 
®@ Complete Line of Accessories for the Nuclear Laborotory 


nuc | CQL “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 








